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PREFATORY REMARKS. 


Some explanation is necessary regarding the delay in publishing the report of 
the Eclipse. Though Mr. W. Shackleton had secured the first record of the “ flash ” 
at Noraya Zemyla in 1896, the spectrum of this important solar phenomenon was 
for the first time adequately obtained at the Indian Eclipse of 1898, and it was at 
once evident that a proper appreciation of this important record could only be 
gained by comparing it with stellar spectra of solar and other related types. For 
the last two years I have been, therefore, engaged in securing stellar spectra, but 
the progress of the work, which is still in hand, has been much hampered owing 
to certain mechanical defects in the prismatic camera. 

I have therefore considered it advisable to place before the astronomical world 
the accompanying account of my operations at Jeur without further delay and it is 
hoped that it will prove acceptable. 

My special +hn.-n1ca are due to Mr- Henry Cousens, Superintendent of the 
Arclneological Survey for Western India, for the great skill with which he has 
kindly x'reparod for this rei)ort the drawings of the corona and of the spectra taken 
with the ultra-violet prismatic camera and the slit spectroscope. 

K. D. NAEGAMYALA. 


Mdhamja Takldasingji Observatori/, 
J?oona, November 1, 1901. 
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THE TOTAL SOLAE ECLIPSE OF JAEUAEY 21-22, 1898, 

AS OBSERVED AT JEUR, INDIA. 


CHAPTER I. 

PEELIMlNAliy PkEPAEATIONS. 

I. — Preparations for observing the Eclipse. 

On tlic 23rd of February 1896, I addressed the Gfovernment of Bombay through 
the Principal of the Oollego of Science, Poona, drawing the attention of Government 
to the necessity of preparing in time for observing the Total Eclipse of tlie Sun of 
January 21-22, 1898. 

The instruments of the Observatory were not such as could be advantageously 
employed for this particular purpose and I estimated the probable expenditure on 
the requisite instruments at Rs, 10,000, half of which I proposed to collect by private 
subscriptions. At the same time I offered to proceed to Norway to take ■|)art fn 
observing the Total Eclipse of August 9, 1896, in order to familiarise myself, by 
actual experience, with the most recent and approved metliods of attacking the 
various eclipse problems. 

Government were pleased to accord their sanction to my proposals by their Reso- 
lution in the Educational Department, No. 951, dated 21st May 189(5. Tlic amo*unt 
of lla. 5,000 that 1 had undertaken to collect was speedily subscribed by some of the 
Princes of the Bombay Presidency and private individuals, to whoso enlightened 
lil)crality I bog to take this opportunity of expressing my sincere obligations. 
Tlic Right Honourable the Secretary of State for India was also communicated 
with by Government and jiermission was kindly obtained by His Lordship for ray 
accompanying the Royal and the Royal Astronomical Societies’ Joint Expedition 
, to Vadso in Finland under the leadership of Doctor A. A. Common, President of 
the Royal Astronomical Society. 

As is well known, the expedition failed owing to the cloudy state of the weather, 
nevertheless I had the unique opportunity of examining the numerous instruments 
brought together on that occasion by live different parties of European astronomers. 

On the return of the expedition to England arrangements wore entered into for 
the purchase of the requisite instruments, the most important of which was a six-inch 
Cooke triplet equatorial refractor with a 45“ prism and a coelostat of 12" diameter ; 
the latter being a special loan from the Obiof of Miraj (Senior), whose enlightened 
encouragement of science is well known in the Deccan. 

1 was, however, strongly urged by Sir Normau Lockyer to add, if possible, one 
more prism to the Cooke prismatic camera, in order to obtain twice tlie dispersion ever 
attempted before, and on my return to India in November 1896 I again approached 
-Government on the subject and offered to collect a supplementary sum of Rs. 3,000 
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if Government would consent to increase their grant by Es. 2,000 for the purchase of 
the second prism and some other accessories. Government were pleased once more to 
accede to my request and some of my friends once more came to my help by subscrib- 
ing the three thousand rupees I had undertaken to collect. However, through 
various reasons the supplementary orders were not put in the hands of tlie opticians 
till the middle of the year 1897, The result of tliis unavoidable delay was that 
most of the instruments arrived just in time for the eclipse, somo of thorn reaching 
the camp within the last ten or fifteen days. T regret this extremely, as an extra 
fortnight, or even a week, would have enabled me to attain much greater precision in 
the various adjustments, and the results would have been far superior to what it was 
my fortime to obtain. 


II. — Selection of a Site. 

The choice of a station was naturally limited within the bolt of totality crossed 
by the Great Indian Peninsula and the Southern Maratha Railway lines to the 
south of Poona. On the former the central line passed near the station of Jeiir jin 
tile Sholapur District, and on the latter near the station of Karad in tiro district of 
Satara. 
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The locality on the Southern Maratha line was superior to that on the other : 
it was hilly, affording many points of vantage, was well supplied with water, and 
was less liable to he affected by clouds drifted across by the north-east monsoon ; but 
plague was raging terribly near Karad, and the idea of locating the camp there had 
to be abandoned. The country in the vicinity of Jeur was, on the other hand, Hat, 
almost devoid of trees except a few scraggy babuls {Acacia arabka), and the supply 
of water was not plentiful. Plague had also appeared in Earmala, the chief town 
of the tdluM (sub-district), hut had not yet spread to the surrounding villages. A 
spot four miles from, the Jeur railway station on the road leading to the village 
of Wangi and a little over a mile east of the central line was finally selected near a 
fair supply of well water. The exact location of the camp is shown in Plate I- 

On the 7th December 1897, Professor W. W. Campbell, the delegate of the Lick 
Observatory, arrived in Bombay, and I visited the camping ground wdth him on the 
10th idem. He had the first choice of a site for Ids camp and I fixed upon a spot 
about one hundred yards further to the west for my observing camp. The instru- 
ments and the necessary paraphernalia of a camp were despatched to Jeur on the 
l^h of December 1897. The Japanese astronomers. Professors Tirao and Hiramaya, 
with their assistants, soon followed and they were assigned sites for instruments and 
camp still further west. Professor Burckhaltor from the Chabot Observatory, 
California, U. S. A., arrived at the same time and he selected a site for his telescope 
two miles further south, near the village of Wangi (see Plato I). 

Dr. A. W. Thomson, D.Sc., Professor of Engineering in the College of Science, 
who had kindly consented to help mo in the general management of the camp, arrived 
a week afterwards, and I very soon found the administrative work of looking after 
the numerous requirements of the various parties in addition to my own special work 
so very exacting that I had to request him to take over from me this portion of my 
duty. He very generously and readily acquiesced in my proposal and my most 
sincere thanks are due to him, not only for this, but for the exceptionally valuable 
hel]) he rendered me throughout the operations. 

Assistant Surgeon P. P. Mulla, of the Bombay Civil Medical Establishment, 
was deputed by Government to be in charge of the sanitary arrangements of the 
camp. Dr. Mulla was good enough to volunteer his help to me and he rendered me 
much valuable service, particularly by assisting me at night in adjusting the various 
telescopes. He also kindly undertook the duties of time-caller on the day of the 
eclipse. 

Mr. K. H. Godbole, M.C.E., Executive Engineer of the District, under instruc- 
tions of Government, placed the resources of his department at the disposal of 
the astronomers, and the work of building up pillars, erecting huts, &c., was done 
expeditiously and satisfactorily by the assistant specially deputed for the purpose. 

Mr. T. J. B. Thatcher, District Superintendent of Police, afforded all necessary 
Jbelp for guarding the camp and in particular in drawing a cordon at the Jeur 
* station on the day of the eclipse, which effectually 'prevented crowds of sight-seers 
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and on-lookers disturbing tbe operators during the important two minutes of 
observation. He also very kindly placed at my disposal a large number of watch- 
man’s lanterns for use during the eclipse. 

The important duty of providing manual labour, arranging for market supplies, 
&c., devolved upon Riio Sibeb D. D. Patankar, Mamlatdd,r of Karraala, who was 
indofaligable in his exertions to meet all our wants. To all these ofiScers thanks 
are due for the zeal and readiness with which they met our multifarious demands 
and req^uirements. 

The Honourable Mr. E, Giles, M.A., Director of Public Instruction, who was 
entrusted by Government with tbe general charge of supervising eclipse arrange- 
ments throughout the Presidency, arrived in camp the day before the eclipse and 
remained there till the day following. 

The location of the camp together with those of the American and Japanese 
astronomers is given in Plate II. 

III . — Gondiliom of the Eclipse at Jeur. 

The conditions of totality for the eclipse in the neighbourhood of Jeur for 
£jat. 18° 12' N. and Long. 76° 12' E. were as follows : — 


Beginning o£ totality 

1 h. 11) m. 26 s. M. M. T, 

End of totality 

1 h. 21 m. 35 s. M. M. T, 

Zenith distance 

O 

c 

Position angle of second contact in the du'eetion 
N. to E. from the vertex 

4(5^. 

Position angle of third contact 

210“. 

Movement of the Moon per second 

0"-38. 




( 5 ) 

As it was finally determined to use the large prismatic camera as an equatorial, 
the question of the inclination of the chromospheric ares to the length of the 
^ectrum with the dispersion of the prisms north and south had to be considered. 
Had the second contact taken place at the vertex of the sun the arcs would have 
come out symmetrically arranged at right angles to the dispersion, and the middle 
point of each arc would have been tangential to the Fraunhofer Unes in the spectrum 
of a star taken with the same instrument. In the accompanying figure 


S 



Fig. 3 ; Fosition of chromospheric arcs in the prismatic spectrum. 

I have shown how arcs of 116^ of H and K would have been then situated, hor 
constructing the diagram I have taken the actual breadth of the spectrum of the 
solar disc that the prismatic camera veas calculated to give, and the distance between 
the middle points of the arcs is also the same as that between the Prauiiliofor lines 
H and K that the instrument was capable of giving. As the second contact waJ, 
however, to occur at nearly 45° to the east from the vertex, it will be seen from the 
diagram that for the same arcs of 116°, though the oastorn edges almost touch one 
another, the other extremities of the arcs are well apart. The prisms* of the six-inch 
(^mera were^ therefore, allowed to remain in the 8tel% position, as this 'could be done 
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without sacrificing any accuracy in the results and as it, at the same time, enabled 
me to adjust for focus by means of star spectra. 


IV. — programme of Work- 
The instruments available were ; 

(1) a 6" triple achromatic with two objective prisms of 46* each, 

(2) the equatorial stand for above, 

(3) a 12''' coelostat, 

(4) a 12" siderostat, 

(6) an 8" achromatic lens, 

(6) a 6'" achromatic lens, 

(7) a set of small spar prisms and lenses, 

(8) a number of photographic doublets of 4" aperture and downwards, 

(9) a 3" spectroscope, 

(10) a 3" equatorial with spectroscope attached, 

(11) a 3" equatorial refractor, 

(12) a binocular spectroscope, 

(13) a three-prism table spectroscope, and 

(14) various meteorological instruments. 

' [From the first I had proposed to concentrate the powers of the expedition in 
the spectroscopic line, assigning a secondary place only to the subjects of photo- 
graphing the corona and of eye-observations. I had, moreover, intended to employ 
the &' prismatic camera with the coelostat, and to use the siderostat with the slit 
and ultra-violet spectroscopes. A series of photographic lenses, together with the 
6" achromatic, I had proposed to mount equatorially on the stand of the triple 
achromatic. But the very late arrival of the instruments compelled me reluctantly 
to change my plans, and the programme finally adopted was as follows : — 

(1) 6" prismatic camera on equatorial stand for the spectra of the “ fiash ” 

and corona. 

(2) 12" Boucault siderostat with — 

{a) Three-inch slit spectroscope, 

(h) Two-prism quartz-calcite camera, and 
(c) One-prism quartz-calcite camera. 

(3) 12" coelostat with 6" achromatic lens, as coronograph. 

(4) 4" portrait lens as coronograph. 

(6) An integrating spectrograph. 

(6) An analysing slitless spectroscope. 

(7) A telescope for search of the white prominences of Tacchini. 



( 7 ) 


(8) An objective prism telescope. 

(9) Sketches of the corona, 

(10) Meteorological observations. 

(11) Shadow bands. 

(12) Visibility of the corona out of totality. 

(13) Visibility of stars and planets, 

(14) Effect on plants and animals and aspect of the landscape. 

Personnel* 

DireotoT — Professor K. D. Naegamvala with Mr. Kulkariii as recorder and Mr. Paranjpe as 
time-keeper, for signaling* the contacts and for spectroscopic eye-observations with instrument 
No. 12. 

Time signals — Dr- Mnlla and Mr. Kanitkar. 

Seconds call — Messrs. Pitre and Barve. 

No. 1. — Sia-inch prismatic carneram 

Dr. A- W. Thomson; assisted by Mrs. Thomson and Messrs. Bana, Gonsalves, Vachha, Vakil 
an^ Vaz (students; College of Science). 

No. 2 (a). — Three-inch slit s^eciroscope. 

Mr. H. J. XJnvala, B.Sc., assisted by Messrs. Sanga and Wadia, students. 

No. 2 (6). — Two-^rism qtiartz-ealciie eameni. 

Professor G. M. Woodrow assisted by Messrs. Dani and Vaidya, students. 

No. 2 (r). — One-pism quarh-calcite camera. 

Mr. S. D. Writer assisted by Messrs. Dubash and Mistri, students. 

No. 3. — Sios-inch coronograph, 

Mr. A. G. Hudson assisted })y Mr. DeSoiiza, student. 

No. 1. — Fov/r-inch coronogntph* 

Mr. D. D. Kapadia, M.A., B.Sc.; assisted by Mr. J. Nazareth, student. 

No. 5. — Integrating spectroscope, 

Mr- D. D. Sanga assisted by Messrs. Bharucha, and Lilamvala, students 

No. 6.* — Analysing slitless spectroscope. 

Rev. Father F, X. Haan, S.J., assisted by Mr. M. Vakil, B.A.. 

No. 7. — Search for udxile prominences. 

Mr- G.B. Eishi; L.C.E. 

No. B. — 'Objeciivc'-prism telescope. 

Eev. Dr. D. Mackichau assisted by Mr. Shevde, student- 

No. 9. — Sketches of the corona. 

Principal H- F- Beale and Messrs. Kadne and Yadav. 
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No. 10. — Meteorological obsermtions. 

Messrs. Baiiarji, Bal, Gosh and Senroy. 

Fo. n . — Sb allow hands. 

Messrs. Godbole^ Joshi and Satara^ala. 

No. 12. — VisibHily of the corona oidside tctaliiy. 

'Messrs. Murzban and P. Naegamvala. 

IsTo. 13 .' — Visibility of stars and planets. 

Professor R. N, Apte, M.A.j Ll.B. 

No. 14 . — E foots 0 % plants and animals, 

Messrs. Pavri and E. D. Naegamvala. 

K — Disposition of the Ohservlmj Camp, 

r The camp was laid out in the form of a rectangle. In the north-east corner 
was the Q" prismatic camera, next to it along the north side of the rectangle was the 
12'*' siderostat with the slit spectroscope and the two ultra-violet spectroscopes, then 
came the six-inch coronograph, Between the siderostat and tlio six-inch corono- 
graph, a little further to the north, was located the seconds -cloclc and behind it; still 
north was the four-inch coronograph. The west side of the rectangle was occupied 
by the meteorological hnt ; on the south side commencing from the west was tlio 
slitless analysing spectroscope, then the three-inch visual telescope, next to it was 
the objective-prism telescope, followed by the integrating spectrograph ; then out 
of the line, a little further south, was the photographic dark room, and finally to the 
east in a line with the six-inch prismatic camera was the seat of the Director. The 
time-signallers occuined a position in the centre of the rectangle. The workshop 
was a little fnrbher away to the south-east of the rectangle. 

As it was found for several days before the eclipse that a pretty stiff breezo 
blew from the east jnst at midday near the time of the eclipse, a high sail-cloth screen 
was erected to break the strength of the wind and on its upright posts the occulting 
discs for drawing the corona were erected (see Plates YI and VII). In Plate III 
the camp is shown as laid out and the ground-plan of the same is given in Plate IV. 
Plates V and YI represent the full staff of observers. 

FJ . — Tinal pTeparatlons, 

The College professors and students and most of the others who had volunteered 
their help were in camp five days before the eclipse. Frequent drills were held for 
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the next four days and the precision with -which the operations -were gone through 
left nothing to be desired. My thanks are due to them all for their valuable help, 
illhe calls previo-us to totality were as follows ; — 

80 miuutes before totality—" To posts" 


25 

3 ) 

>3 

33 

Bring out coronograph slides/^ 

20 


33 

33 

Wind up siderostat clock/^ 

15 


33 


Wind up coelostat clock and centre the sun/*' 

14. 

}> 

33 

33 

Bring out photographic slides and light lamps. 

12 

}) 

33 

33 

Re-wind equatorial clock/*^ 

5 

33 

33 

33 

Attention/*’ 


Then each passing minute was called out from “ four ” to “one ” ; an expectant 
halt and then the call went forth from me of “Flash,’' soon followed by that of 
“ Totality. ” From that till the end of totality the time-callers gave out every tenth 
second in the reverse order, “ 120 seconds,” “ 110 seconds " and so forth up to zero. 
During each interval of ten seconds the individual seconds were rung out on an empty 
kerosine oil can with the help of a simple seconds pendulum ; this enabled each 
operator to count and record his individual exposure. 

In carrying out the general operations the operators showed a remarkable 
degree of precision, though here and there it was afterwards ascertained that some 
mistakes, unavoidable under the peculiar circumstances, were made by a few of 
them. 
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CHAPTER II. 

Eclipse Obseeyations. 

VII. — The Six-inch Trismatic Camera. 

The optical parts of the instrument employed consist of a six-inch triple achro- 
matic lens hy Cooke of 93'6 inches focus and two prisms 45° each with laces 8''x 
The deviation of the combined train of prisms is 65° for the Hy region and the length 
of the visible spectrum from H to K is nearly 6-6 inches. The chromospheric rings 
are nearly 0’96 inch in diameter. 

The tube carrying the optical parts is of T-iron lattice-work, 12" x 12''' square, 
and covered with thin sheet steel rivetted on to the T-iron frame- work ; the tube is 
thus exceedingly firm and rigid. The lens is mounted inside the tube and the prisms 
are carried independently of the lens and its mounting on a flange on the outer end 
cf the tube. At the other end of the tube is a wooden camera with slides described 
below. 

The stand carrying the optical tube is a very massive one, such as is usually 
supplied with Cooke’s standard eight-inch refractors, anti is furnished with all neces- 
sary means for adjustment. The height of the instrument, when mounted and ready 
fofl observation, was 1.3 feet from the ground. The clock-work is supplied with a 
Russell electric control, but this was not used during the eclipse. 

The instrument arrived only ten days before the eclipse and much trouble was 
experienced in removing the pillar of the stand from the railway station at Jeur and 
bringing it into camp four miles away. A deep ndld (watercourse) had to be crossed 
on the way and at first it was felt that the local hauling facilities wore not equal to 
the task. The question of locating this instrument, the most important of all to be 
employed on the occasion, in a separate camp near the railway station was therefore 
seriously considered, but before putting it into execution a final effort ivas made to 
bring the stand to the camp, and by dint of hard work and relays of oxen the task 
was happily accomplished after nearly ten hours of incessant labour. 

It was originally intended to use the prismatic camera with the 12" coelostat and 
to employ the stand for carrying a number of photographic objectives for pictures of 
the corona. This programme had to be abandoned owing to the late arrival of both 
the telescope and the coelostat and particularly as it was found that the clock of the 
coelostat required extensive alterations. 

The telescope was mounted on a concrete foundation previously prepared for th© 
purpose. The instrument as ready for the eclipse is shown in Plate VII. Ho obser- 
vatory was constructed to house the instrument, the essential parts being usually 
kept covered with cloth to protect them from dust. 
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The clock gave much trouble and it was only by putting an excessive weight on 
the declination axis that a comparatively steady motion was finally secured. 

As there was no shutter for making exposures, the prism-end of the telescope 
was enclosed in a box of thin wooden planks covered with enamelled cloth and the 
exposures were made by moving a card-board in front of the open end of the box. 
Mr. B. K. Baoa, B.Sc., (student) who was told off for this important duty, had to be 
perched up on a platform ten feet high, w’^hich was by no means a very steady one, 
formed out of packing cases in the camp. 


VIII. — The Slides employed. 

The slides were 14|-" long by 13" broad, each carrying four 12" x 3" plates. The 
slides fitted into a carrier 24" long by 15" broad and were brought into the right 
position for each exposure by a rack and pinion. It was, however, found in actual 
practice that considerable time was lost in working the rack by moans of the pinion 
head ; a winch handle was therefore attached to the pinion, which saved several 
seconds in working the slides. As each plate came into position a spring catch held 
the slide securely into its place, from which it could not move until the catch was 
pushed back by hand. The serial numbers of the plates and the times of exposure 
were painted in bold figures on each slide. 



Fiy. 4 : Slide used u'Hh Ihc prisimlic camera. 

Seven exposures were given on two such slides during the first eighty seconds 
of totality. Another separate carrier and slide were employed to record the gra- 
dually changing spectrum at the end of totality. * This carrier had a slit broad, 
which was adjusted in such a position as to transmit the flash at the thind contact 
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and the slide carried a 12"x]0" running-plate on which it was hoped that the 
changing spectrum would impress itself without a break. 


IX. — Methods of Adjustment and Focussing. 

Ordinary astronomical objectives when out of square show an inward coma, i. e., 
one in which the flare lies inwards towards the optic axis. With such objectives to 
see whether it is correctly adjusted or not the telescope is usually directed to a suit- 
able star and the image is observed with a medium eye-piece. If the objective is 
not square a fan shaped appearance of a very appreciable size instead of a minute 
spurious disk is seen and this appearance is not got rid of in any position of the eye- 
piece. A.S is well-known, this fault is corrected by pushing the cell out on the side 
where the flare appears and the flnal adjustment is accomplished when the star- 
image slightly out of focus is seen surrounded by perfectly concentric interference 
rings. 

This method of squaring, however, is not admissible in the ease of the Cooke 
Triple Achromatic, as no amount of tilting within reason wall make it show any side- 
flare. The following method was therefore employed to which my attention was 
first drawn by Professor W. W. Campbell. It is one of general application, if we 
take care to note all the images reflected from the component lenses of an objective 
and bring them into coincidence. It has moreover the great advantage of saving 
time, as it makes the astronomer independent of the state of the weather and the sky. 
The modus operandi is described as follows by Messrs. T. Cooke & Sons : — " It is a 
method whereby the sixth or back surface of the objective can be made to face the 
eye-piece accurately and squarely by a reflection test. Of course, if the back surface 
is accurately squared on, then all the other surfaces follow suit. 




Fig. 5 : Optical method of squaring an objective. 

“We will explain the method by means of the accompanying diagram (Fig. 5) 
where O is the objective and E the eye-end, with eye-piece taken out. 

“ First a piece of dark material Y such as velvet or dark brown paper is held up 
in front of the objective and at some distance in front of it. The object of this is to 
furnish a dull hack-ground agaiZist which the eye, placed at the eye-end, may see ' 
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tlie aperture of the objective as a circular gray patch of light. Then a piece of 
white card 0 with a hole H, about one-fifth inch diameter, is held diagonally behind 
the eye-piece and in front of the eye, so that the eye may view the objective through 
the hole. This card must be brightly illuminated, when a reflected circular image 
of the eye-end aperture, showing fairly white and with a blaot spot in its centre 
corresponding to the hole, should be visible in the back surface of the objective. This 
image will have an apparent diameter equal generally to about one-eighth part of 
the apparent size of the objective. It will not be easily seen if the back-ground V 
is too pale or too brightly illuminated. Now if the objective is correctly squared 
on, then the bright circular image of the eye-end aperture should appear exactly in 
the centre of the objective. If it is not, but is displaced towards the right hand, 
then the objective must be tilted outwards on the same side by means of the anta- 
gonist screws of the counter-cell and vice versd. When giving the final adjustments 
it is important that the observer should keep the hole in the eye-screen exactly in 
alignment with the axis of the tube. He can easily see whether bo is right in this 
respect by watching the reflected image, which should show like a circular white 
patch enclosing a dark spot which will appear exactly in its centre if the eye-holo is 
upon the axis of the tube. Should one of these objectives show any coma or side- 
flare under any circumstances, it would indicate that one of the component lenses 
had got slightly out of square with respect to the other two.”*' This method of 
squaring the lens was found in practice both easy and delicate of operation. 

The polar axis was adjusted for the proper elevation of the pole by the method 
of Schaeberle, wliich is thus described by Professor Campbell in his “ Elements of 
Practical Astronomy,” pp. 216-21C : — 

“ Across the object end of the telescope firmly tie a piece of wood which projects several inches 
from the telescope tube on the side oppoaihi the pier. Pass a fine thread through a very small hole 
in the projecting end aiul fasten it. Direct the telescope to the zenith. Near tho eye-end and on the 
same side as the projecting arm fasten a block of wood. To this screw a metal plate so that it will 
be perpendicular to tho axis of the tube and in which is a very small ciretilav hole as nearly as pos- 
* sible (by estimation) under the hole above. Pass the thread through it, a plumh-boh to the end of 
the thread near the floor and lot it swing in a vessel of water. Move tho telescope by the slow 
motion screws until tho plumb-line passes through the centre of the lower hole. Itoad botli verniers 
of tho hour and declination circles. Unclamp, hold the plumb-bob in tho hand to avoid displacing 
the metal plate, reverse the telescope to the other side of tho pier and sot it so that the plumb-line again 
passes centrally through tho hole. Road both circles as before. 

“ Let H equal the angle of elevation of the polar axis. The diUcrence of the readings of the 
declination circle in the two positions is 180“ — 2 jff. The elevation should equal the known lati- 
tude <l>. The error is H — </>. Change the last circle reading by this amount by moving tho telescope 
in declination in the proper direction. Adjust the angle of elevation by the proper screws until the 
plumb -line again passes through the centre of the hole. 


* On the adjustment and testing of telescopic objectives. (Second Edition, 1896, pp. 57-68.) 
B 1898—4 



( M ) 


“ If the declinatioiL circle is graduated so as to read from 0° to 90° in both directions from its two 
equator points, then the mean of the circle readings for the two positions of the telescope is at once 
the inclination of the polar axis to the horizon. 

“ The mean of the horn’ circle readings in the two positions is the reading of the circle when the 
telescope is in the meridian. This should he 0^ 0™ 0* . The index error of the hour circle is the 
mean of the readings minus 0''' 0™ 0® (or minus 2# 0™ 0® ) . To correct for itj set the circle at this 
mean reading ; then move the vemier screws until the reading is O'* 0“ 0® . 

“ The index correction of the hour circle is equal to the index error with its sign changed. If the 
error is not removed by adjusting the verniers, the index correction must be applied to every reading 
made with the hour circle, in order to obtain the true reading.” 

Having first properly secured the correct elevation, of the polar axis, for the 
final adjustment in meridian a spot on the sun was brought on the cross-wires of the 
eye-piece and the telescope was set in motion by the clock. After a time the displace- 
ment on the cross-wires was observed ; its correction in one co-ordinate, by moving 
the telescope stand with the fine motion provided for the purpose, set the polar axis 
in meridian, while the displacement in the other co-ordinate indicated the necessary 
change of rate of the clock. This was repeated several times till it was found that 
there would be no appreciable disturbance or trailing in the spectrograms. • 

These excellent methods of adjustment enabled me to devote the few remaining 
nights in securing the proper focus for the spectrograms. 

The prisms were placed for obtaining a north and south dispersion as usually 
employed for stellar spectra, and the three remaining nights were utilised in getting 
the best focus with such of the available brighter stars as gave a Hydrogen spectrum. 
The position adopted for the prisms was of course not the best for the chromospheric 
arcs, but the over-lapping, as mentioned in Section III, was not such as to counter- 
balance the advantage gained in focussing by the method of stellar trails and the 
results obtained quite justified this disposition of the prisms. 


X. — JPersonnel and programme. 

Dr. A. W. Thomson, Professor of Engineering in the College of Sciouce, Poona, 
was in charge of the instrument and exposed the slides. 

Mrs. Thomson noted the times of exposure of each plate with a stop watch. 

Mr. B. E. Vachha, B.So., (student) handed the first two slides to Dr. Thomson. 

Mr. P. E. X. Vaz (student) received the slides from Dr. Thomson. 

Mr. A. E. Gonsalves (student) handed in the second carrier with its third slide. 

Mr. T, B. Yakil adjusted the curtain which was used over the camera owing 
to the leaky condition of the camera and slides. 

Mr. B. K. Sana, B.Sc., (student) exposed the objective-end of the telescope 
at signals from Dr. Thomson. 
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JBrogramme of W’orJs. 

The plates employed were Edward’s Snapshot Isoohromatic, backed witli an 
antihalation composition. 

From a series of preliminary trials it was found that twenty seconds would 
be required to remove the first carrier and to replace it by the second with the 
running plate. As it was arranged to start this last plate twenty seconds before the 
end of totality, full forty seconds out of the available one hundred and twenty had to 
be reserved for the purpose. In the remaining eighty seconds only seven exposures 
could be made, and the programme was arranged as follows : — 


Exposures. 

Time of commeuec- 
ment of exposure 
from the beginning 
of totality. 

Duration of 
exposure. 

Slide L— Plate 1 

0 second ... 

Instantaneous. 

Plato 2,., 

5 „ ... 

2 seconds. 

Plate 3 

10 fjM* 

2 « 

Plato 4 

15 „ ... 

5 „ 

Slide IL — Plate 5 ..J 

32 „ 

5 « 

Plato 6 ... 

40 „ ... 

30 „ 

Plato 7 

70 „ ... 

10 „ 

Slide III. — Running Plato No. 8 ... 

100 „ ... 

. 20 ,, before 

end of totality to 
sevoral seconds 
after totality. 


The first four plates were ex:posed correctly. The second slide was not got into 
place quickly enough, but the three plates. Nos. 5, 6 and 7, were properly exposed. 
The shutter of this slide, however, did not shut easily, and some seconds were lost. 
It was afterwards found that one of the wooden rebates had come off and jammed the 
shutter. The force required to close the slide had shaken the instrument and dis- 
placed the image, and the spectrograms obtained on the running- plate were, therefore, 
not at the proper point of third contact. 

The object of taking the first plate was to secure the “ flash,” which, after the 
successful attempt of Shackleton at Novaya Zemlya in 1896, it was deemed of 
prime importance to obtain. The running plate was also employed with the same 
object in view in order to secure the changing spectrum at the eqd of totality till 
it merged into the ordinary Fraunhofer spectrum. 
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XI. — Description of the DhotograpJis. 

The first plate was taken at the instant when the “ flash ” was observed by 
me in an opera-glass spectroscope and the signal called ont. At least one second 
must have elapsed between the observation and the commencement o£ the exposure.* 
The spectrum extends from D3 to H, in the ultra-violet. The spectrum is sharpest 
in the vicinity of H^s. Owing to the want of perfect isochromatism in the plates em- 
ployed the impression is fainter between D3 and than in the rest of the spectrum. 
It gives hundreds of arcs of the upper and lower chromosphere and the continuous 
corona spectrum is also slightly impressed above and below the spectrum of the 
“ flash. ” Several prominences are seen attached to the longer arcs, and one large 
prominence on the side still covered by the moon is photographed in Hydrogen, 
Helium and Calcium radiations. The Calcium arcs H and K are the longest, next 
come those of Hydrogen, then of Helium, these are followed by two exactly similar 
arcs of Strontium, then come numerous arcs of Magnesium, Iron, Calcium, &c., 
followed by a long series of arcs all of very nearly the same dimensions. 

In the following table the principal arcs are given in descending order : — 


Flash-spectrum arcs. 

Their lengths. 

Their h 

in seconds of 
arc. 

cif?hts 

in miles. 

Calcium (H and K) 

115^ 

10-0 

4,436 

Hydrogen ... 

105“ 

8-4 

3,726 

Helium (/) 4471-6 

90“ 

6-3 

2,795 

Strontium 4077*8 and 4215*7 

65“ 

3-4 

1,508 

X 4415-9 (?), 4418-5 (Ti), 4443-9 (Ti)... 

60“ 

2-9 

1,287 

X 4026-2 (He), 4226-9 (Ca), 4233-5 (Fe), 
4247 (?), 4375 (?), 4383-7 (Fe), 

4395-2 (Ti), 4533-4 (Ti), 4548-9 (Ti), 
4556-6 (Ti), 4562-8 (Ti), 4571-2 (Mg), 
4582-9 (?), 4713-3 (He) 

55“ 

2-4 

1,065 

X 4275 (?), 4290-3 (Ti), 4294-3 (Ti,Fe), 

4300-2 (Ti), 4308-3 (?), 4313-03 (Ti), 

4816-3 (?), 4321-1 (Ti), 4325-9 (Fe), 

4501-4 (Ti) 

50° 

2-0 

887 

X 4508-4 (Fe?), 4515-8 (Ti), 4922-4(Or), 
4932-8 (?), 5172-8, 62,(Mg), 5183-8, Jx, 

(Mg) ... ••• ••• ••• 

! 45° 

1-6 

710 

X 4045-9 (Fe) 

35° 

1-0 

444 

X 4628-1 (?) 

30“ 

0-7 

311 

Numerous other arcs 

, 25°— 20° 

0-5 to 0-3 

222 to 133 


* Erom a comparison of the plate with the excellent series of flash-spectra obtained by Sir N. Lookyer 
I am confirmed in^thia belief. 
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A detailed discussion of the arcs is given in a subsequent section, and it is suflQcient 
here to remark that, as already pointed out by Sir Norman Lockyer and Captain Hills, 
the spectrum of the “ flash ” does not correspond in all particulars with the iPraun- 
hofer spectrum and the latter, as daily observed, is not an exact reversal of the 
spectrum of the flash. This point was for a number of years urged by Lockyer, but, 
apart from an explanation of the cause, the proof positive so long wanting in support of 
Lockyer’s contention was for the first time forthcoming in the unerring photographs 
of this Eclipse (see Plate X). Photographs of the “ flash” at second contact are 
reproduced on Plates VIII and IX. 

If further proof was wanting that the varying lengths of the arcs are truly 
indicative of the existence of some of the chemical elements at heights not reached by 
others in the solar atmosphere, it is afforded by a comparison of the first photograph 
of the “ flash ” with the second which was taken five seconds after the first (see 
Plate IX, fig. 2). In it the number of arcs is smaller and many of the metallic arcs 
of the first photograph are scarcely discernible; but one must not lose sight of the 
important fact that the vast majority of the bright lines as photographed in the firgb 
plate, which would go to produce the greater portion of the Fraunhofer spectrum, 
forms a well defined layer of almost the same depth and this may be taken not 
unnaturally as the chief region of reversal., A great part of the flash spectrum is 
still in evidence on the second plate (Plate IX, fig. 2), and taking the eight seconds as 
the duration of the flash we obtain for the depth of the “ reversing-layer ’* an avei;age 
thickness of 1,300 miles, which is nearly the same as that previously estimated.* 

The third plate was under-developed and excepting a few of the principal long 
arcs nothing of importance is discernible on this plate. 

Plate No. 4 taken fifteen seconds after totality was fully developed. This is 
reproduced on Plate IX, fig. 3. It shows a portion of the green coronal arc in the 
north-east quadrant, which is broad and diffuse. The continuous coronal spectrum 
shows two maxima, one between and 1474 K near B and the other between H^g (F) 
and f. These maxima of intensity are due to the peculiar chromatism of the plate 
en)ployed, whoso curve of intensity as given by Mr. Sanger Shepherd t is reproduced 
below : — 



Mff. 6 : Intensity curve of ^Award’s IsocTiromatic Plates. 


* Young’s Sun, page 82. 

t Journal of the Camera Club, Vol. page 181. 


B 1398—5 
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On this plate besides the arcs IE and IC (Calcium) and those of Hydrogen and 
“/” of Helium, faint arcs of Titanium at x 439.'), 4443, 4533 and 4549, of Helium 
at 4713 and of Magnesium at 5173 (5a) and 51H4 {l>i) aro faintly visible. These 
radiations, therefore, extend to about two thousand and Hvo hundred miles above thi 
photosphere. 

Plates Nos. 6, 6 and 7 do not show anything which is not recorded on Plate 
No. 4, except that on these plates tho II and K arcs of Calcium, and to a certain 
measure those of Hydrogen, more and more approach to complete circles owing to 
the further central advance of the moon on the solar disc. Tho rings of proininonoes 
in H and K radiations aro thus nearly complete on Plato No. 7. 

The rumiing-plato, No. 8, ton inches long and i.wt'lvo hroad, was, in tho words 
of Professor Thomson, “ exposed twenty seconds Ironi the end of totality and lialf 
run out at ‘flash’ (at third contact), thou quickly turned until ‘over' was 
called.” A slit broad wiia placed in Iront of tho jdah'i whoro the third contact 
was calcnlated to occirr. Tho rather strong shakt*. rcmcivud hy tho tolcscopd in 
closing the second slide had apparently disturbed tho position of the slit, as no ‘‘flash* 
spectrum ” is recorded in tho middle of the plate. It has, however, iinprossed itsedf 
higher up, and had the rapi(lit.y of tho plate hocm not. ()V('r-{«timato(l, the spectrum 
would have appeared througlumt the length of tlic plate. It is best seen at the 
end of the run, when there must have h(5on some (Uday in c()vi;ring tho t('leseope and 
ending tho exposure (see Plato XI). Short exposures of about onc-half second 
each at tho interval of a second oonunoncing about hm sc'couds before tho end of 
totality and continued for ton secouds after third contact, would have givon a much 
more valuable and complete r(5cord of tho changos. In the flash at tho oiul, Hydro* 
gon lines up to Ur are recorded together with the Titjuiiuin linos at x 3085*3 
and 3769'4. A comparison of tho “ flash ” apoctruin at tlio two internal ooii' 
tacts, moreover, onablos UkS in a very oomplote manner to 8iq)arato tho long attsi 
from the shorter ones. As the spectrum was too faint to ho measured onthi^* 
microscope, a paper milimoter scale was attached to the plate and tho arcs read ott 
by estimation. The wave-lengths of the line sharp arcs have come out with great 
exactness, while the broad, diffuse arcs whoso middle points could not be easily 
bisected by eye-estimation were on the other baud the liost known and tUereforr 
easily determinable. Tho origin of some of the arcs could not bo dotormined ftoni 
an inspection of Eowland’s tables, but their true wavo-lcngths were estiioated from 
the deviations of the actual measures of well-known neighbouring arcs from thelx 
respective true wave-lengths. 

The following table gives the wave-lengths of those arcs together with tiieif 
origin ; by deducting these from the arcs recorded in the flash on. Plate No, 1, 
{vide Sectioil XIV), we can very safely attribute the groat mttjority (rf Hp; 
remainder to the lowrlying un^orm, reversing-lay or : — ■ 
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Wave-lengtb,. 

1 

1 

Origin. 

Character of cor- 
responding arcs in 
JFlasli, Plate I. 

Wave-length, 

( 

Origin, i 

Oharacter of cor- 
•espondiug area in 
Flash, Plate I. 

3685-3 

Ti. 



4325-9 

Fe. 


50“ 

3691-6 




4340-6 

H, 

V.I., b. 

106“ 

3703-9 




4374-9 

Ti. : 

1. 

55“ 

3711-9 



4383-7 

Fe. 

l.,b. 

55“ 

3721-8 




4395-2 

Ti. 

1. 

55“ 

3734-3 




4401-4 •) 

Fe. 

1. 


X 



4401-6 [ ? 

Fe. 



3750- ) ' 




4401-7 ) 

Ni. 



3759-4 

Ti. 



4418-5 

Ti. 

1. 

60“ 

3770-7 

H 

L 



o 

CO 

Fe. 

s. 


3798-0 




4444-7 

Ti. 

1. 


3829-5 

Mg. 



4471-6 

He. 

v.l. 

90“ 

3832-4 

Mg. 



4501-4 

Ti.? 

1. 

SO'^ 

3835-6 

H, 



4509-2 

? 

1. 

45“ 

3889-1 

H, 



4518-8 

Ti. 

V.S., £. 


3903-1 

Fe-Cr. 



4525-3 

Fe. 



3913-6 

Ti. 



4534-9 

Ti. 


• 

3933-8 K. 

Ca. 

v.l. 

115“ 

4550-9 

Fe.? 



3944-1 

Al. 

£. 

O 

O 

lO 

4555-6 

Ti. 

1., i.d. 


3961-6 

Al. 

1. 

50“ 

4568-9 

Fo. 

1 


3968-6 H. 

Ca. 

v.l. 

115“ 

4572-8 

? 



4027-5 

? 



4582-9 

‘i 

1. 

65“ 

4045-9 

Fe. 

1.; t. 

35“ 

4719-3 

? i 



4077-8 

8r. 

V.I., D. 

65“ 

4856-2 

Ti. 

1. 


4101-8 


v.l. 

105“ 

4861-5 


V.I., b. 

105“ 

4215-6 

Sr. 

V.I., D. 

65“ 

4885-6 

Fe. 



4227-8 ? 

Ti. 



4893-9 

? 



4247-4 

? 

1., six. 

55“ 

4927-6 

Fe. 



4254-5 

Or. 

1., sh. 

55“ 

4941-3 

? 



4291 1 

Ti. 



4974-3 

? 



4300-2 

Ti. 

1. 

50“ 

5017-0 ? 

Fe. 

1. 

45“ 

4303-3 ? 

? 

1. 

50“ 

5172-8 

Mg. 

1. 

45“ 

4808-0 

Fe. 

v.l., b. 


6183-8 

Mg. 

1. 

45“ 

4313-0 

Ti. 

1. 

Cn 

O 

o 

5208-1 

Ti. » 



4321-8 ■) 

Ti.'l 

1. 

50“ 



• 


4321-9 J 

Fe.J 

* 




1 - 

— 

~ 



-jL - - - • - 
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XII. — MonochromatiG Images of Frominences. 

An enlargement of tlie prominences and tlie eliromosphere underlying tliem in 
H and K radiations is given in Plate XII. This compared with the prominences 
as directly photographed by Dr. Copeland at Goghlee in the Central Provinces, 
India, with a 38 feet telescope (Plate XIII) shows with what success the forms of 
prominences can be recorded by the prismatic camera with the additional advantage 
that the prominences so photographed have not any portions of them submerged in 
the light of the corona. 


XIII. — The Spectrum of the Flash ; Reversing Layer. 

The question “What does the spectrum of the ‘flash’ signify?” is one for 
which an answer should be sought in any investigation of eclipse phenomena. 

The dark line Praunhofer spectrum is indeed produced in the region between 
the photosphere and the corona. Below the corona is the scarlet chromosphere with 
prominences, the detailed spectrum of which has been so successfully investigated by 
Young. It is therefore between the general surface of the photosphere and the 
chromosphere that the vast majority of the Praunhofer lines should originate. This 
is the “ reversing layer ” of Young. In connection with this view Professor Young 
says : “ It follows that this atmosphere, containing in gaseous form the substances 
whose presence is manifested by the dark lines of the ordinary spectrum, would give 
a spectrum of bright lines if we could isolate its light from that of the photosphere. 
The observation is possible only under peculiar circumstances. At a total eclipse of , 
the sun at the moment when the advancing moon has just covered the sun’s disk, 
the solar atmosphere of course projects somewhat at the point where the last ray of 
sun-light has disappeared. If the spectroscope be then adjusted with its slit tangent 
to the sun s image at the point of contact, a most beautiful phenomenon is seen. 
As the moon advances making narrower and narrower the remaining sickle of the 
solar disk, the dark lines of the spectrum for the most part remain sensibly un- 
changed though becoming somewhat more intense. A few, however, begin to fade 
out and some even turn palely bright a minute or two before the totality begins. 
But the moment the sun is hidden, through the whole length of the spectrum, in the 
red, the green, the violet, the bright lines flash out by hundreds and thousands, 
almost startlingly ; as suddenly as stars from a bursting rocket-head, and as evanes- 
cent, for the whole thing is over within two or three seconds. Except at an eclipse- 
it has not yet been found possible to observe this bright line spectrum, because it is' 
overpowered by the mrial iUummation of our own atmosphere. It is not, however. 
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to be understood that the dark lines of the solar speotruna are due entirely, or eren 
principally, to the stratum of gas which lies close above the surface of the photo- 
sphere. Were this so, the dark lines should be much stronger in the spectrum of 
light from the edges of the disk than in that from the centre, which is not the case ; 
at least the difference is very slight. The photosphere is composed of separate cloud- 
like masses floating in an atmosphere containing the vapours by whose condensation 
they are formed ; the principal absorption, therefore, probably takes place in the 
interstices between the clouds and below the general level of their upper limit. 

This view, as is well known, is strenuously opposed by the doyen of English solar 
physicists, Sir Norman Lookyer, who denies the existence of the reversing layer “ in 
the sense that there is a thin stratum, close above the surface of the photosphere, in 
which most of the dark lines of the solar spectrum originate. He maintains on the 
contrary, in accordance with his dissociation theory, that certain of the lines due to 
substances the most nearly elementary and having their molecules in the highest 
state of dissociation originate only deep down in the solar atmosphere where the heat 
is most intense ; others due to vapours with molecules somewhat less simple have 
their birth a little higher, and others due to molecules the most complex are produced 
only in the most elevated regions of the solar atmosphere ; each elevation thus being 
responsible for its own especial family of spectral lines.” f He has marshalled the 
facts in support of his view with conspicuous force in the “ Chemistry of the Sun ” 
and in his “ Becent and coming Eclipses ” and he sums up his conclusion in the words 
that the ‘ flash ’ gives us “ a region of high temperature, in which there is a cor- 
responding simplification of spectrum as compared with the cooler region in wfiich 
the Fraunhofer absorption is produced.” $ 

The questions which first require answer are : — 

(1) Is the ' flash ’ spectrum an exact reversed copy o£ tho Fraunhofer spectrum ? 

(2) Is there a definite layer of gases in which, if not all, the vast majority of the Fraunhofer 
lines are represented ? 

(3) Can the spectrum, as evidenced in the 'flash,' without being an exact reversal of tho 
Fraunhofer spectrum, produce the latter spectrum ? 

Regarding the first, there can now he no doubt that the two spectra differ in 
some most important particulars from one another. Many of the thin lines in one 
are strong in the other and vice versd and not a few of the linos are altogether 
absent (see Plate X). In this respect there can he no question that Lookyer has 
fully established his contention. 

But on the other hand we must answer the second question in the affirmative, 
that “ if we except the ordinary ohromospherio lines, all the fainter lines due to the 
flash spectrum are of the same length and form a well-defined hand of even width 


* Young’s Sun, pages 82-83. t Young’s Sun, page 340. 

t Recent and Ooming Eclipses, 1890, page 111. 
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ranning from end to end of the spectrum. This shows that the low-lying gases at 
the base of the chromosphere form a well-defined layer pretty definitely bounded and 
not fading by insensible gradations into the higher portions of the chromosphere.”* 
In the ‘flash’ we are looking tangentially through this layer, while in viewing the 
Eraunhofer spectrum we look through the entire thickness of the layer which very 
probably reaches lower depths of the photospheric region ; consequently we cannot 
expect a strict coincidence between the two spectra and we ought to be prepared 
for only a general coincidence. Moreover, as Stoney has remarked t : “ The divergence 
between the intensities of the bright lines of the chromosphere and the corresponding 
dark lines of the ordinary solar spectrum was exactly what we had a right to expect. 
If we view a bright incandescent body which is opaque and which is interposed 
between the eye and the stiU brighter background, it appears dark in the contrast. 
In the same way when we admit to our spectroscope light from the face of the sun, 
we are looking through the chromosphere, filled with its bright lines, at the stOl 
brighter background of the intense continuous spectrum produced by the photosphere. 
Now it is a known property of incandescent gases to be more or less opaque for light 
of those particular wave-lengths which they can emit and which produce their bright 
lines. They thus intercept the bright light of those wave-lengths coming from the 
photosphere and substitute at these situations of the spectrum the feebler radiations 
which they themselves emit and which appear in the contrast as the dark Fraun- 
hofer lines of the solar spectrum. Accordingly one dark Fraunhofer line is fainter 
than another, either because the chromospheric line which occasions it is intrinsically 
a blighter line, or because it is less opaque, or both. If it is brighter it looks less 
dark when contrasted with the background ; if it is less opaque it allows some light 
from the bright background to come through. It thus happens that dark Fraun- 
hofer lines which are faint are often caused by very bright lines in the chromosphere 
and vice versa” From this it follows that if there is no dark line corresponding 
to a bright one, it may be because it is itself as bright as the light behind it 
which it intercepts, and this is known to occur in the case of Helium and the ultra- 
violet Hydrogen lines which no doubt exist in the sun’s chromosphere. This is 
also true in the case of the well-known laboratory experiment of Bunsen on the*^ 
reversal of the sodium flame. If we, therefore, proceed from the known to the 
unknown, our third query is also answered in the afllrmative. 

Mr. Maunder has discussed with great ability and in the most judicial spirit this 
important point in Knowledge for August 1898. He also gives there a very lucid 
exposition of the phenomena to be expected with a prismatic camera in attempting 
to photograph the flash. I make no apology, therefore, in quoting at some length 
from his article : 

“ It may appear a very obvious truism to say that, at any moment during the ecHpse the 
spectrum which we obtain is the spectrum of that bright object which is exposed to our view 


* Ivershed in Knowledge, 1898, page 133. 

•f Journal of the British Astronomical Association, Vol. Ill, page 308. 
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at tliat moment ; but it is a fact wMcb has to be very clearly kept in mind. With, a prismatic 
camera directed towards an eclipse in progress, the source of light is the whole of the pheno- 
mena — sun, chromosphere, prominences and corona — that at the moment of observation remain 
uncovered by the dark body of the moon. 



Fig. 7 


: Spedrum of solar eclipse Just before totality with the prismatic 


camera. {Maunder . ) 


**The accompanying diagram (Fig. 7) may serve to show just what it is which forms our 
•source of light at the instant before second contact. Let the arc CABD represent the dark 
approaching limb of the moon. The arc AKB represents the limb of the sun, and, as we see, 
onlj^a very narrow segment of sunlight remains still disclosed. Beyond the sun’s limb, however, 
there is a gaseous envelope of which the chromosphere forms a part. For the sake of distinctness 
I have supposed this envelope to consist of two strata, an upper and lower, and we may consider 
the former as representing the chromosphere, the latter as representing the ^ flash.’’ 

What is the appearance of the spectrum at this moment ? The small arc of sunlight still 
remaining gives us, of coarse, a continuous spectrum, and it will be seen that this continuous 
spectrum must narrow very fast as the actual moment of totality comes on. This narrowing strip 
of continuous spectrum is of course crossed by the Fraunhofer lines, each of which is of the same 
general shape as the little arc of sunlight. But above and below this arc of sunlight we find the 
dark limb of the moon bordered only by the gaseous envelope. At the point of the cusps and a 
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little beyond, we have both strata, but the lower becomes narrower and narrower and terminates 
at 0 and D. The upper stratum can be traced further still, until it, too, is cut off by the lunar 
limb at E and F. 

These arcs, then, AO, OE, and BD, DE, being arcs simply of glowing gas, give us bright 
line spectra. The elements contained in each region will each give its own spectrum of bright 
lines, and these bright lines will each supply an image of the region over which that particular 
element is found. Above and below the continuous spectrum, therefore, with its arched Fraun- 
hofer lines, we find a bright line spectrum of tapering horns of light of different lengths, and wo 
see at once that the length of any arc is an index of the height above the sun to which that 
particular bright line can be traced. 

As the fateful instant approaches, the continuous spectrum narrows faster and faster ; the 
bright horns above and below multiply and extend, and just at the last moment before totality 
is accomplished the continuous spectrum is invaded by a number of dark longitudinal lines, 
resembling the ‘ dust lines ’ in an ordinary slit spectroscope. The edge of the moon is, of course, 
somewhat rugged, and here and there a mountain peak or range will project right across the 
thread of sunlight which remains and interrupt the continuous spectrum at that point. But the 
effect is not quite that of an ordinary ^ dust line,^ for if the mountain, as at G, cuts out the sun- 
light, it does not cut out the gaseous envelope above. This is free, therefore, to yield its pwn 
bright line spectrum, and consequently we see our ^ dust line ^ sparkling out here and there into 
stars of coloured light. H is an instance where a lunar mountain hides the lower gaseous 
spectrum and allows us only to see the upper. P, again, is the summit of a prominence which 
appears quite detached from the sun, since its base is hidden by the moon. It therefore shows 
itself in the spectrum by a row of tiny coloured images of itself, shining like stars, quite 
detached from the remainder of the spectrum. In most prominences these will he the lines of 
Hydrogen, Helium and the celebrated H and K lines. 

'^The crisis is at hand : the interruptions which I have likened to 'dust lines ' multiply and 
broaden. The intervening continuous spectra are worn down to thinnest threads, then .snap and 
vanish, and totality has come. The tiny stars which broke up the ' dust lines ' flash out as a 
long sequence of little arcs of colour, and shine for a second or perhaps two ere the encroaching 
dark limb of the moon covers the stratum to which they belong and hides them from us. That 
brief, brilliant glimpse of little bright line arcs is what is known as the ^ A,"— ' the so-called 
flash, as certain over-cautious writers have termed it, in the spirit of him who censured the 
manners of this ^so-called nineteenth century." ^ " it is— a most wondrous and beautifuf 
sight, be its explanation what it may. 

The flash, then, represents a shallow stratum of glowing gases immediately surrounding 
the sun. The height to which any particular gas can be traced can be determined in three ways : 
first, by the length of the bright line arc beyond the cusp which it shows at any particular 
moment ; next, by the length of time that the moon takes to hide the stratum ; third, by the 
extent to which a given lunar mountain may interrupt the lines of the gas at a particular 
moment. In one way or another we find that, roughly speaking, the 'flash" corresponds to a 
stratum of some seven hundred miles in depth. 

' When Professor Young first saw the ' flash," he considered that the bright lines seen by him 
corresponded with the ordinary Fraunhofer lines, and he remarks that though ^ it would be very 
.rash on the strength of such a glimpse to assert with positiveness that these innumer- 
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able lines corresponded exactly with the dark lines o£ the spectrum/ yet that the general appear- 
ance and grouping of the lines in the spectrum seemed perfectly familiar to him. Mr. Pye, who 
observed the same eclipse and also saw the * flash/ says that the effect was ^as if all the dark 
lines were converted into bright ones.*^ 

Spectroscopists have, as a rule, been content to accept the ^ flash ^ as in all probability 
practically a reversal of the Fraunhofer lines. Sir Norman Lockyer, whilst objecting to it, thus 
clearly states the ordinary view as to the reversing layer ' : — 

(1) We have terrestrial elements in the sun’s atmosphere. 

(2) They thin out in the order of vapour density, all being represented in the lower strata, 
since the temperature of the solar atmosphere at the lower levels is incompetent to 
dissociate them. 

(3) In the lower strata we have especially those of higher atomic weight, all together 
forming a so-called ^ reversing layer/ by which chiefly the Fraunhofer spectrum is 
produced.^ — Chemistry of the Sun/ page 303.) 

It follows that, on this view, the spectrum of the base of the solar atmosphere should most 
resemble the ordinary Fraunhofer spectrum {ihid, page 306). In 1878, however, Professor Lockyer 
w^s led to take an entirely different view, and he was convinced ^ that the absorption took place 
at various levels above the photosphere^ — (^Eecent and Coming Eclipses,^ page 99). On this 
latter hypothesis, the different vapours exist normally at different distances above the photo- 
sphere, according to their powers of resisting the dissociating effects of heat. It follows that 
‘ the spectrum of the base should least resemble the Fraunhofer spectrum, because at the base we 
only get those molecules which can resist the highest temperatures/ 

^^The immense importance of the spectrum of the ^ flash’ becomes at once apparent. Upon its 
characteta'istics and upon their interpretation stand or fall our whole conceptions of the chemical 
constitution of the sun. For the ^ flash ^ is the revelation of the spectrum of the base of the 
sun’s atmosphere within the limits of the powers of oar present instruments. A depth of seven 
hundred miles is an enormous one in any atmosphere, and especially in that of the sun, and must 
include a vast range of conditions, both of pressure and temperature ; but we are at present 
compelled to treat it as an indivisible integer. Keeping this fact in view, that the seven 
hundred miles of depth of the ^ flash ’ stratum must include a great number of very distinct 
^ minor strata, of which only the lowest can, on the old hypothesis, be in complete correspondence 
with the Fraunhofer spectrum, it is clear that we can test the rival claims by watching whether 
or no, as totality comes on, the ever-increasing bright horns which appear above and below the 
continuous spectrum are the reversals of the dark Fraunhofer arcs. On the old hypothesis, the 
multiplying bright lines should over be approaching complete correspondence with the Fraun- 
hofer spectrum up to the moment of commencement of full totality ; on Lockyer’s hypothesis, 
they should ever be diverging further from it. The conditions of observation preclude us at 
present from following out the process to its minutest and final detail. All we can do — and it is 
sufficient — is to mark in which direction the tendency lies. 

It is this question of the direction of progress which is the crucial one- — whether as we get 
nearer the base of the solar atmosphere, the bright line spectrum becomes more and more, or less and 
less, accordant with the Fraunhofer spectrum. It is not a question of establishing a complete 
and exact correspondence: that we could not expect. Nor is it a question of the relative 
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intensities of the Unes. With that question we are not yet competent to deal . ft hi,H 
generally assumed (Sir Norman Lockyer asserts it nakedly) that the relative intcnNi y o i* 

bright ifnes of the spectrum of any element in the laboratory ought to h« the Hanm 
those same lines when dark in the Fraunhofer spectrum.^ Dr. Johnstotu' . ’r'*' 

reminded ns how wholly unwarranted this assumptions; for if, as ho pu h , ^ 

spectrum of some source of white light through a sodium flame, ami therefore the f) 

in a continuous spectrum, and then increase the brilliance of the sodium flame. %vo .Iiinimdi 

the intensity of those dark lines* 


«Dr. Stoney also points out that a difference of iutousity hotween the hrighi hm* i*itd tlm 
dark line’spectrum may he due to the gas being present in hut very small .juiuifiti.'s. tb- 

Ds line of Helium is very briUiant as a bright line in tlie chronuwiihere, hut is normally as 

a dark line from the spectrum of the disc. We cannot toll certainly whether this is .hie to tin- 
Helium being so bright as to emit as much light as it absorbs from the wai, or wind her if h w. 
tenuous as practically to absorb nothing when wo look at the sun through it, ami only r.-wa!* 
itself at the limb in consequence of the vastly greater depth we look through : or «i .-md 
of the two factors may supply the complete explanation. For mywdf, . im I »lo thnt 

any true solar atmosphere must bo limited to a very few miles above the photifqthew, and tlml 
chromosphere and prominences, however magnificent in appearance, are of tin* lust «It»gr.'e_ ».f 
tepuity, I am disposed to put much stress upon the second sugge The j-b', ;t ; : ^ ».f 

comets’ tails might remind us how brilliant and fav-roaching a body may las without any r»s«l 
substance. Indeed, the corona itself is a case in point. Wo look <I«wn uimn the sim .by Hy *J«y 
through millions of miles of depth of its strange, complicated Htruefcure, and are not «ld«i 
recognize the faintest sign of its presence." 


r Under these circumstanoes wo are bound to say tliaf. this Irun :■ u! of 

the ‘flash’ in relation to the Fraunhofer spectrum Is Htlll 


XIV. — Lines in the Mash Upeelruni: 

The spectrum on Plate No. 1, taken with tho six-inch pi Niimf'.- .•.•imorn, ix i«»t 
very sharp. This is due to some slight want of Toong, the vtwy brief fime ;il fiiy„ 
disposal having prevented me from attaining a greater prcciglttn. 'Hh* m.' . .,r ti*-! f of 
the arcs from which directly the wavo-longths have betm obtaiiKxl wan. tin rerun*, a i, «*ry 
tedious process, and the uncertainties in tho bkoction of Ibe lintig wen* of an onlcr 
higher than the precision with which divisions could be nuad off on tlic rui f.-r- 
microscope. The resulting wavc-longihs arc in couHcijm'iic.' all'milctl by 
degrees of uncertainty depending upon the widths of the arcs and tin* pr<miMii)ii wifti 
which their bisection could he estimated by tho oyo; the dilliciilty in inalung tin?*.*' 
eye-estimates was increased owing to the arcs being more difTusc on 1 bi* r«*d side tliim 
on the violet. Notwithstanding those drawbacks a high dogine of prccisioft ban Iwii 
reached in determining most of the wavo-longths. Tho siMJctnim Wfw hi- ; in 
two sections from and /— &, and the ovccllcnt formula of f’uriuid l.% rim;!' 
.was employed for interpolation by the method of least siiunrcs. 
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The plate was measured on a mierometor-microsoopo by Eilger ])'rovidod with 
a milimcter screw having a run oC sixteen centiuiotors ; its largo micrometer head 
12*6 centimeters in diameter is divuhid into one hundred parts, and by the substitu- 
tion of a veruu^r plate for the index, one-lifth of a division could bo road ol£ directly 
and ono-tenth by estimation. A distance e(j[ual to one live-hundredth of a milimeter 
can bo thus rend off on the microunoter directly and half that amount by oye- 
ostiuiation. niere is no fast motion to the luioroscopo, and the stage originally sup- 
plied was a siinplo brass plate without any mochanioal device. Particularly with 
long spectrograms tlie lengths of the spectra are seldom exactly parallel to the edges 
of the glass plates, the slightest play in the cam(n*a slid«i (causing n deviation. This 
is, as a rule, of no gr(*ia<. moment in the ease of stellar spectra as they are made 
up of straight linos, but in the cases of solar oolipse spectra whore the linos are re- 
placed by arcs aud these arcs not sy innietrical with rcrcreiuic to tho direction of 
disjxu'sioii. it is absolutely notjosssiry to unuisure tho arcs in tho same liori/.{)n of the 
spectrum. A i>orfoct rectification of the sjxu’t.rum pai’allol to thti mierometer screw 
is thorefon* iudisponsable. To attain this adjiistmont with a raieroscoiic which had 
to, he run through KK) turns from end to end several times was not only a tedious 
hut highly nmbisinihh'. method to adopt, A mechanical stage was, tlmrtdon.*, devisdi. 
Its hnwrmost plate, twelve mclajs long, fixed on the stand had its two evtreme 
(xlgos tunuMl to a radius of six inches : on this another plate was made to turn with 
its centre of motion in tho middle of tho hmgtU of tho stage, it being kept in position 
by side pieces which tdamptxl on t,he lower plate. A spectrum plate can hes thus 
given any iu(dinati<in and put ixindb;! to tlio long micrometor seravr. In pmcTice, 
how(wt^r, it was found that the tipi>cr plait) liad a little play, and as no central 
pivot could ho fixed to guide it, the spool mgram shifted in position and tho flnai 
adjustment could not idways be made (juitc uceurately. This want of ootishincy 
was t)vcrcomi! by a simple evixxhent to Ix) mentioned below. Tho rotating stego- 
plate is provuhxl with a twolvo-iuoh slide moving [laralltd to tho length of the 
screw, aud this fiwt slido lias another nino-iueh slidt) moving at right angles to 
,the srrow on which tho ■■ip«'t*trog)*aJn is claiupod. With the microscope in tho 
centre of the run, it is, thererorc, only noecswiry to bring any point on the sixx-truiu 
un<ler till) cross- wires l>y iwlj listing the second slide and thou move the first slide from 
end to end; any want- of parallelism is thus at once dotectod, which is recti Hod by 
rotating the stage. 'I’bo secoml slido is pro\ idol with a bout spring inclios long 
which presses against one sido of tho glass plate and is opjiosed by two screws on the 
other si<le. Hlight deviation from purulleli.sju in the sixielruin is removed by working 
these oppohiug screws aud the glass plato is finally elamped. After the c'vporioiice 
gaintnl wit h this stage, it scorns that tho rotating part of tho might have boon 
altogether dispriivd with, doixinding wholly ^on tbo spring and opposing serows to 
bring about the parnllflisui. 
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Table of wave-lengths of arcs determined in the Flash Spectrum Plate I, 

Column I gives the wave-lengths as directly calculated; in column II are 
given the probable true wave-lengths, the majority of which have boon found from 
Eowland’s Tables; column III gives the characters of the arcs; column IV 

Eowlands " intensity numbers ” for lines adopted from his tables; and column V 
their origin. 

Explanation of abbreviations used.: — 

b = broad. 

I> = dark. 
dif= diffused. 
f = faint. 
h = hazy. 
i.d. = iU defined. 

1= line, meaning a long arc. 
s = short. 
sh = sharp. 

si. ex. = slightly extended, being not so long as “ 
t ~ thick. 

V = very. 
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Coohe Spectrographj Plate /. 


Calculated Provable 

wave-lengths. wave-lengths. 


3932-25 

3937-62 


3939-60 

3943- 85 

3944- 91 

39.50-40 

3951- 33 

3952- 96 


3956-21 

8959-45 

3961-82 

8967-25'^ 

i 

I 

8972-39 j" 

3974-27 J 

3982-85 

89 92-27 
3998-68 

4005-82 

4012-73 

4015-21 

4022-10 

4025-76 

4028-87 

4030-79 

4035-81 

4041-33 
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4022-018 

4028-912 
f 4030-878 
4030-947 
[ 4033-224 
1 4034-644 
f 4035-883 


< 4041-431 
1 4041-525 


Character of 
arcs. 


3933-825 K 


3940-183 
3944-160 
f 3944-884 
t 8945-033 

3950- 497 

3951- 311 
r 3953-043 
L 3964-120 
r 3966-476'! 

3956-603 
I 3956-819 
I 3957-177 
3958-355 J 
3961-674 


3968-625 H 


/ 3982-630 
t 3982-742 

8998-790 
r 4005-408 
X 4005-856 
4012-541 


v.a, f. 

V.S, /, 
V.S, /. 

*, v.f. 
s, v,f. 


Hazj baud. 


v^l, b. 


8, dif* 

^/* 
by i»dy 8* 

by i.dy 8. 

8y ty -D. 

v-8y 

lyfy dif. 

s. 


Sy ty difu 


IV. 

Eowlaxid’s 
intensity 
numbers for 
Fraunhofer 
lines. 

V. 

Elements. 

1000 

Ca. 

2 

Fe. 

15 

Al. 

2 

3 

Fe. 

2 

Y. 

5 

Fe. 

3 

Mn. 

3 

Co. 

4 

Ti. 

4 

Fe. 

4 

Fe. 

7 

Fe. Oa. 

5 

Ti. Zr. 

20 

Al. 

700 

Ca. 

2 

Ti. Mn. 

3 

Y. 

4 

Ti. 

7 

3 

Fe. 

4 

Ti. 

5 

Fe. 

1 

Fe'.'Ce. 

4 

Mn. 

5 

Mn. 

7 

Fe. Mn. 

6 

Mn. Fe. 

4 

Mn. 

3 

Fe. 

Mn. 


Bemarks. 


rBeginning and end 
ofK. Mean of the 
j two extreme xead- 

* ings is 3934*93. 

I Arc is sharp on 

I violet side. 


Evidently double. 

Beginning of H. 
being sharp on 
violet side. 

End o£ dark part of 
H 

End o£ H. 


Probably a double. 
Do. do. 


First line of a group 
of five. 


Last line of a group 
of five. 
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Cooke Speetrograph, Plate I. — (coutinuod). 


I. 

11. 

III. 

IV. 

Howland’s 

Calculated 

Probable 

Character of 

intensity 
numbers for 
Fraunhofer 

wave-lengfchs. 

wave-lengths. 

arcs. 




lines. 


7 . 

Elomonts, 


VI. 

Kuinitrkx. 



4045-97 

4048-96 

4064-91 

4063-75 

4067-4'9 

4072-07 

4077-84 

4081-73 

4083-75 

4087-63 

4093-14 

,4096-75 

4101-70 

4105-82 

4109-90 
4119-15 
4121-15 I 

4*125-24 3 


4128-49 

4130-33 

4132-88 

4135-41 

4137-95 

4143-96 

4149-93 

4152-75 

4164-80 

4157-09 

4161-84 

4163-99 

4167-92 


4173-17 


4178-83 


4045-975 
4048-910 
4055-023 
4063-759 
4067-429 
4071-908 
4077-885 
f 4081- 736 
1 4081-887 
4083-715 
4083-783 


4102-0 


f 4109-92 
X 4109-953 

4119- 050 

4120- 937 


4128-20 

4128-251 

4130-196 

4132-690 

4132- 863 

4133- 062 

4134- 840 
4137-809 
4144-038 
4149-923 


r4154-667 
] 4154-824 
[.4154-976 
4156-970 
4161-961 
4163-818 
f 4167-884 
(.4168-025 
4172-803 
4172-923 
L4173-136 

4178-223 


I, t, 
f,s. 

v.s, V. dif,f. 

sl.exy t, P. 
f, v.a, dif. 
sl.ex. 
v.l, P. 

f> «■ 

/> s- 
/ s- 

v^, v.f, iA, 
V.S, v.f, i.d. 
vd, b. 


30 

5 

3 

20 

3 

16 

8 

0 

0 

2 

4 


40 


Fe. 

Mn. Cr. 
Fe. 
Fe. 
Fe. 
Fe. 
Sr. 

? 

? 

Fe. 

Mn. Y. 


I Oyntre t»f the dark I 
liuo. , 

Hazy baud. 



H. j Uontro of very long aro, 1 


s, hazy. 

3 

8^ t 

2 

8, ij. 

3 

8, id. 

... 

8, JDj id. 

3 

6 

Sj D, id. 

2 

3 

8, Dj i.d. 

1 

4 

Sy JD, id. 

5 

8y By i.d. 

1 

By sl.ex. 

16 

8, D. 

2 

8, i.i. 

4 

Sy i,d. 

"4 

Sy i.d. 

3 

s, i.d. 

1 

8y I.d. 

4 

v.Sy v.i.d. 

1 

2 

2 

sl.ex. 

4 

1 

1 

1 

1 

1. - 

2 


Ti. 

Fe. 

Fe. 

He. 


Ti. 

V. 

Fo. 

? 

? 

Fe. 

Fe. 

Fo. Co. 
Fe. 

? 


^ Band. Mt-aii of the two , 
extrounw 4123-19, j 

I one of tllO 

Lunthalum liilOK liM’ 
i X .1123-38 1. ; 

' J- Firet of five lino«. j 


I 

Last of livo litiog. 


Fe. 
C. ? 
Fe. 
Fo. 
Sr. 
H. 
C. 

? 

Fe. 


? 


Middle of nhitrt baud, 
evidently a group of 
tluroe lines. i 

MiiUllo of a gromi of Uimj* 
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('m)h; S)i,flriu;r(ij>/i, Platt' /.- -(cojitiimwl). 


i L 

1 

IL 

in. 

IV. 

V, 

vu 

1 



iltiwlftiid'® 





Olmrik'iiT «f 






ru»nb«*ra for 

Kleuwnti* 

Hoiiiwk«. 

i 

I 






* 4182*29 

1 

f 41H2-116 
141K2-518 
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Cooke SpeGtrography Plate L — (eontiiuied) , 
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Goohe Speetrografh, Plate (continued). 


I. 

11. 

III. 

IV. 

Rowland’s 

V. 

Calculated 

wave-lengtlis. 

Probable 

wave-lengths. 

Character of 
arcs. 

intensity 
numbers for 
Praunbofer 

Elements. 




lines. 


4518-64 

4518-866 

W.S,/. 

0 

Ti. 

4520-71 

4520-397 

1. 

3 

Fe? 

4622-99 

f 4522-802 
t 45-22-974 

I, t. 

3 

2 

? 

Ti. 

4528-50 ■) 

4528-798 

s, i.d. 

8 

Fe. ■) 

4681-64 / 

4531-123 

5 

Fe. J 

4583-53 

4533-419 

1, t. 

4 

Ti. 

4541-58 

4541-690 


2 

Or. 

4545-27 


8y h. 

.«• 

... 

4548-91 

4548-938 

i. 


Ti. 

4553-18 

• ••••• 

i. 

••• 


4555-65 

4556-662 

Zj iA. 

3 

Ti. 

4558-27 

4558-28 

Sj iA. 

• a. 

Ti. 

4562-69 

4562-814 

i. 

0 

Ti. 

* 4570-98 

4571-275 

i. 

5 

Mg. 

4576-17 

4576-512 

; v.8^ iA. 

2 

? 

4579-83 

4 579-862 

v.iA, 

00 

Ba? 

4582-96 

4583-011 

L 

1 

? 

4589-89 


V.8, vAA, 

• • • 


4600-23 

f 4600-018 
\ 4600-279 

s, iA. 

2 

1 

Fe. 

Cr. 

4602-23 

4602-183 

v,8, vd.d. 

3 

Fe. 

4604-83 


V.S, vAA, 


. . . 

4606-32 

I 4606-404 

vAA, 

2 

Ni. 0. 

4610-74 


z\Sy vAA. 

. . . 


4612-83 


'gAA* 

. . . 

... 

4015-36 


v.Sy V iA. 

• • • 

... 

4618-07 


v,Sy vAA, 

• . . 

. • * 

4619-83 

4619-711 

v^Sy vAA. 

1 

Or. 

4622-17 

4622128 


1 

Cr. 

4625-07 

4625-227 

V>8. 

5 

Fe. 

4628-15 


L 

• • • 

. • . 

4633-25 

4633-100 

Sj id. 

4 

Fe. 

4637-89 

4687-685 

Sy i,dy b. 

5 

Fe. 

4645-27 

4645-368 

s. 

0 

Ti. 

4647-41 

4647-617 

s. 

4 

Fe. 

4650-85 


8, 

• •• 

» . . 

4653-39 


s. 


. . . 

4655-82 

4655-82 

8. 


Ti. 

4662-31 

1 4662-149 

v,Sy iA. 

1 

Fe. 

4665-89 

4666-070 

8. 

1 

Cr. 

4668-84 


8, 

... 

. « . 

4677-88 

4677-604 

v.s,f. 

00 

Ti. 

4680-83 

4680-658 

V.S,/. 

1 

Or. 

4690-15 

4690-317 

v.s, f. 

4 

Fe. 

4697-60 

...... 

V.S, f. 

... 

. • • 

4701-99 

1 

8, 

• • • 

. • • 

4707-34 

1 4707-457 

8, 5. 

5 

Fe. 


B 1398—9 


YI. 

Remarks. 


A band. 


Middle o£ a band. 

Do. do. 

Middle of a broad ; 
band. 

Middle of a band. 



( 34 ) 

OooTce Spectrograph, Plate /* — (contimiotl). 
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Xr.—Tht' Spirtnuu >>/ the Coruna with the 6" prismatic camera. 

lCv«m tlu^ hcKt of th« Horios p;ivoH hardly any thin, more than a 

small gmni coronium. Happily, howovesr, somo oxoellont rosultH have boon 

Kotnm'd with tho othor inslnnuonts, and this (piosliou will ho dealt with at lonfjth in 
a sub.Hoipiontsocthm. Plato I V of tho six-iuoh prismatao oatuora {fives this \vavo-l(!n»;th 
of tho gWHin conniiutn arc inpial to h.’iO:J*02(5, hut owing to thu faintness of tlui arcs 
this valuo is not roliahlo to any d<‘<)imHl of an Angstrom unit. (Bots Plato IX, tig. ;}.) 

XFi.—The m Speetrograph. 

l)< .script uhi qf the imtrument. — Tlu^ imago Ions omploycsl was an (dght-inoh 
visual Ions by Kir Howard (h uhli of 114 iuches fooua, giving an Imago of th(» sun 
one inch in {lianu4<»r. Xt wtw mountcnl firmly with ita tube in tho mtwidian on 
two masotu’V pillars, and was supportod on two hraokots having vertical atul hori- 
zontal movninonts for atljustmont. Tho hma was contred, l)y holding a tliin strip 
of white \v(xmI at the priiu’ipal fooua and hriiiging tho rotlootod imngo of tho tip of 
tho wotMl coiuoident with tins tip itsolf when vi<nvctil along tho axis of tho (oh'sc<>p<‘ 
ttiho. No further adjustment was found nooossary when tho oidituirry method with 
star images at night was Mihso(|u<Mill\ trud. 

A I w cK c-inc.h Foucault sidorostat hy T. C(M)ko and Boim was omployod for ndlcot- 
ing the solar light into tho imngo-Ums. Tho oontr«» of tho latter was lower than that 
of tho mirror, hut was k<ipt high onough to fill tho whole <jf tho Ions wit.h light from 
tho sidcrohtat; n portion of tho mirror win< thus availahlo for fowling two othor 
small prisjuutio cameras inontionod holow. 

Tim HiH*(4roscopo wjus (minpowul of a douse flint prism of (K) , having facjos 
r»^ inches X hi tnnlujH. Tho oollimutor was intondod to ho a Ihroc-inch Ions spwfially 
construotwl for tho purjtoso, but when it arrivod in camp from England a wook beloro 
tho oj-lipHo, it was found to ho only twenty imduss in foous instoml of f<»rty-two inolujs 
as ordorwl. Its ompho mwii would havt! rodmuHl tho otfoctivo aperture of tho spec- 
troscope to ITi inohos; for this reason 1 was c.mpclhsl to rejoot it though tho time 
' at my disposal was short., and tho Ions from an ordinary thrta»-in(5h rcfraofcor of 
fort.y-t hree iiHjhos fotnis \vhi<di was availahlo was Ifinporarily attaehwl t(» tho eolhniator 
tuho hy a Ht|uare wwalcn sloovt'. The slit was a highly polislnxl one hy Hilger, with 
only oni‘ Jaw <tp<'ning hy a laitwonwdor aertiW ; its height was 2*25 inohos, au«l this 
full height was employed during the eclipms. Tlu^ camera lens was also three inohos 
in diannu«n* hy (iruhh.’Hpecinlly eorreotod for G. It was tlthd into a stpiarc mahegn ny 
eamora which carried a long vortical slhlo holding a fumts-ing glass and six plates 
r/ iuches X 2^ ineluw. Tho foeusHiiig rack f<)r the (■ollimaior was at tho lens-end, 
while llu* etamera was fotjusaod hy racking tho slide tu awl out. Tho collimator 
jirisiu and (camera wtu’c all very firmly mountiHl on a very solid base of wooden tramo- 
work aiul all tins cvpK' 0 1 parts went covonnl over with cnaincllod cloth. The whole 
8p(»otr»s<x»po so (umstruetod wm next firmly flxotl on a strong frame-W(»rk of rotigh 
-teak mftom Mi?<mrcl\ tlxod into tho ground and Ijraocd hy cross pltjces. The inside 
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of this skeleton frame of teak rafters was filled with rnhble stone, and its outside 
was similarly packed ; this gare the structure exceptional stability. The instrument, 
as mounted, is shown in Plate XIV, figs. 1 and 2. 

The spectroscope was first adjusted visually with the region G in the centre of 
the field by Schuster’s method, but the final adjustments were made by numerous 
trial photographs of the solar spectrum. The several parts of the spectroscope 
were not permanently screwed down till the adjustments were 'completed. The 
image of the sun was focussed on the reflecting slit also visually by bodily moving 
the image lens and its tube in their supports, and the final adjustment was accom- 
plished by getting the limb of the sun sharp in the trial photographs. This was 
done with such precision that one of the best views of the eclipse was obtained by 
the observer in charge of the slit-end of the instrument by looking at the image 
reflected from the polished surface of the slit. Endless cords leading from the 
siderostat to the slit-end of the spectroscope enabled the operator in charge to place 
the image of the slit in the requisite position with the utmost ease and precision. 
A teakwood frame- work covered with canvas sheltered the spectroscope and the 
operator at the slide end. The trial photographs were well in focus from x 3900 ''to 
X 5500, ».(?., from K (Ca) to a little beyond 1474 K, The length of the spectrum 
from E to E was 1‘45 inches, and the slit was sufficiently narrowed to show distinctly 
divided the faint narrow pair at x 4295 in Muller’s map of the Solar Spectrum. 
(Publications of the Potsdam Observatory, Volume II, Plate 33.) 

• Versonnel. — (1) Mr. H. J. Unvala, B.Sc., had charge of guiding the image on 
the slit and calling out to expose. 

(2) Mr. B. A. Wadia (student) exposed the image lens and shut it at the call 
from Mr. Unvala. 

(3) Mr. K. D. Sanga (student) exposed the plates at the camera-end. 

Programme of work. — As totality was calculated to last about 120 seconds, it 
was arranged to begin the first exposure five seconds after second contact, in order 
to allow sufficient timp to the operator at the slit to put the limb of the moon exactly 
tangential to the vertical slit. The first exposure was to be for five seconds, the 
second for one hundred seconds and the third up to the end of totality. 

Programme actually carried out. — The first exposure was commenced at “ 115 
seconds” and ended at “ 110 seconds”; the second exposure was commenced at 
“ 106 seconds ” and ended at “ 5 seconds ” ; and the third exposure lasted from the 
call “ 1 second ” to “ Flash, over.” The plates employed were Edward’s Antihalation 
Snapshot Isochromatio. 

Photographs secured , — The third plate on which the exposure was practically 
instantaneous came out blank. The first plate only showed images of the lower 
stratum of the chromosphere in K, H, Ha, Hy, f and H.|8 radiations ; of these the 
H and K lines,are longest and thickest, while Hg is the shortest, being a mere point. 
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TIio tnuHNiroiinl HjMH'tnuu is altos^fthcr absttnt, cxcopt; porhapa a tracjo of tlio oonti- 
nuous (»K\ Howovcr, th<* Hfcoiul j>lajo of ono Inmdml hoooikIs oxi^isun' has oomo 
out very aiu’Ct^sful luul is full of iuttu’cstinj? dotails, I'Iks original lU’gativo In too 
thin for (liroct ropnslui-tinn, imt a curoful drawing made to soalo fnun the plate hy 
Mr. IL ('ousourt is ri'produred on Plato XV, fig. 1. Pirnt taking the cliromoaplioric 
slit itnou'os, the IkhuI which arrestK attention i.s th<‘ breaks in the middle of .H and K, 
which do not occur in the first plate. This is probably duo to the cinuunsf ance t hat 
the slit was pla<a‘d sliglitly inside the limb of tlm sun and tlui advancing moon out. 
off the chr.>mo>plicr«' at the tangent point afha* the first cx[) 08 ure. A vary slight 
(lisplatHum.'ut of the imago on tlu! slit is jis likely to have caus<Hl tlui dilTeronce. 'flu) 
northern seotioas of tho H and K lines a«5 also muoh siiortor than the southern. 
The thiokneases of the various layew are given hy tlic heights of lines K, H, &o. 
Taking tlu' whole lunght of the spoctruni as 10, t-ho II and K lines are OT), Ih^ 
P2r>, /’ and ITy 0*8, whih^ II*) is the shortest searocly exceeding 0*2. The explanation 
of t he (PfTerent behaviour of the three linos of hydrogen is probably to he found in 
the^ colour ourvo of tht 5 plaltt fEdward'.s JLaocjhromatio) ustal (se(^ fig. d). Tho 
eontinuous speetrum of tins oonma on the southern side extends two divisiniai, 
while on the nortliern side it is over five divisions at the highest point. This is tlue 
to the gwMitop extension of the (jorona in the nortliorn region out by tho slit than on 
the soutliern. Of the three eonina Unt?s most distimstly soon the most intunso is tho 
middle one, tho next is the one between Hy and lU, while the woU-knowti green line is 
the faintest ;• their heigliis in t he northern portion are Ji*7, .'5'5 and nearly 5 diviswms 
respoefivoly : the most intense line is also irnpriisst'd on the whole southern portion 
of the (umtimious spoi'trum up to two <liviHious of the seaUs. Tlu* griam line on a baek- 
groimd of faint continuous spe(^trum is, luereover. pnij acted iu the uttierwke Hunk 
inlerciil, llemcrnlan-ing that the aidinic intensity of the light is there much loss 
tlum lower down the sperfrum, it will not be rash to astir i he this hehavhmr of tho 
green line to a different origin from tho other two otmina liues.t 

Pamparing the pmition of tho maximmn intensity of the o<m(iunous (?or<>na 
.speetrum with the ordinary sulur spe tnuu, \V(i are at otme struck hytho fact that the 
corona inknsity •■urve is much displaced towanls the red, aiul are, t-henifon', ontithnl 
to c.ru-lud.' that the tempemturti of the soureo which gives tho continuous apjotrum 


• frnfi Wiir (‘.Jiin.h.n ti» Ills iaii«'r tui tlm ‘ »tf (hi* (Jri'uu Cowaal I, hut," A.«{.rOi»liy«ujftl 

4,mn»nl. V<.lum- X, page lK<h7. ttnyn tl»nt “ Hut ticitbu of tlio grwm iwliation wim viwtly 

Htn.ngt r tluin iti t!in fo*' "f tlti- otUor two limu, ovttu fliougli tlu» gntttu Ihm ky iu ii nigion of wiiiktwwM 
on jihitiw," awl ho aUriliut«« tho kiliuf of Nowiill to obtain an iuqio' . .i.ni o£ tho comiia in 

tho lintt at A 'W ih e. this oiivninhaufo. Thi^ is in uontrailiotion to ih« ahovo rwnltin wldoh ant k.riiM out 
by tho i xporiiiuH. .if Oaptaiu llilk nt tlio K.tlipxu (pok f'ronootliiiga of tho Itoyal Sooioty, Vo!. bXIV, 
pngit f»'t ami phiito). 

tHir Koriuim IwK'kyor, fnau »n «‘5auuii«it,ion of a vary «)tkn«i?o mvim of ooronal rings, rooordod oa 
fcw V'iwiMturgih"i''<o;y,, kiHim! i-nt.tolly arrivmlttt aimikr tionolusiou that “ aj loaatthreo suIk 
• stnnw*. mo in <iuvHti«i/" (.;«*' l*nK»o<lings of tlu. H«iyia ^.wlnty, Vol. hXVI, jaigo lUl), 

« MbB 10 
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in the corona is lower than the general temperature of the sun, as pointed out by 
Schuster for the Eclipse of August 1886 {vide T. E. S., Volume 180, page 341). 

The complete absence of a Fraunhofer spectrum goes to indicate the absence, 
or rather the extreme weakness, of reflected sun-light in the inner corona. 

The wave-lengths of the corona lines were determined by Comu-Hartmann 
formula taking the means of three independent settings on each line as the true 
micrometer reading. The three standard wave-lengths employed were those for 
By, and Hs. The only possible source of error can be traced to the fact that these 
Hydrogen lines and the corona lines are not in the same horizon on the plate, and the 
assumed parallelism between the settings on the different lines is likely to introduce 
a systematic error in the values for the corona lines. The wave-lengths So obtained 
are x 42307, x 4566*2 and x 5301*195. The last was got by extrapolation, as there was 
no line on the plate on the red side of the coronal line. The value of the fifst wave- 
length is very nearly the same as that obtained by Sir Norman Lockyer which is 
x,4231*3. This line is without doubt the one for which the wave-length of 4233*5 
nearly coincident with an iron chromospheric line was assigned by previous observers, 
and is most probably the same as the one whose origin is marked as “ incomm ” with 
a wave-length of 423*12 by Deslandi*es in his report of the Eclipse of 1893. The 
second and the most intense line on my photograph whose wave-length I got as 4566*2 
may also bo the same as the one given in Peslandres’ list as “unknown” at 
wave-length 456*6. My determination of the well-known green coronal line on 
this photograph comes out x 6301*196, which is nearly two Angstrom units less than 
those of Campbell, Fowler and Evershed. 

An inspection of the following table will show how far the calculated wave- 
lengths can be depended upon ; those marked with an asterisk being the three fiducial 
lines taken for obtaining the constants of the formula : — 


Elomont. 

Calculated \ (0). 

! 

Probable X (P). 

P~0. 

Calcium (K) 

3934-507 

3938*825 § 

-0-682 

Do. (H) 

3968-981 

3968-625§ 

-0-356 

* Hydrogen (HS) 

4102-000 

4102-000§ 

0-0 

Coronal 

4230-708 

4231*3t 

4-0-6 

* Hydrogen (Hy) 

4840-634 

4340-634§ 

0-0 

Helium (/) 

4471-623 

4471*646j 

4-0-023 

Coronal.., 

4566-228 

4568-5t 

4” 2*3 

* Hydrogen (H^) 

4861*527 

4861-527§ 

0-0 

Coronal 

5301*195 

5803-7t 

4-2-6 


§ Rowland. f Lockyer, X Bunge and Paschen, 
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The nearly concordant results obtained for K, H and f and the much greater 
divergence of the values for the coronal lines tend to show that the discrepancies in 
the latter case are mainly due to the inherent difficulty in measuring lines in two 
diflPerent horizons on a very small scale photograph. 

XVII. — Ttoo-prism spar and quartz prismatic camera. 

This instrument was essentially an improvised one. The originally intended 
programme was unfortunately not carried out in its entirety owing to some mistakes 
on the part of the operator ; notwithstanding this the results obtained with it, as 
win be seen, are valuable. 

Descriptimi of the instrument. — The lens, a single one of quartz three inches in 
diameter and of twenty-two inches focus, was stopped down to one inch by a card- 
board diaphragm. In front of it two spar prisms 60° each of inch x 1 J inch face 
cut in a plane perpendicular to the optic axis of the crystal were fixed upon a wooden 
support. The deviation of the combination was nearly 90° and the spectra obtained 
were nearly four inches long from Dj to the extreme ultra-violet, the distance 
between Hs to K being 1*2 inch. The solar image as given by the chromospheric 
rings in K and H was 0*22 inch in diameter. 



Fig. 8 : Two-prisrn spar and quartz prismatic camera with slida 
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The focussing glass and six plates 4| inches x 2^ inches were carried in a long 
slide which opened automatically on being raised to the position of first exposure 
by a projecting spring clip on the sliding shutter coming in contact with the bottom 
edge of the camera and was held in position by a spring detent at the side ; subsequent 
exposures were made by pushing back the detent and raising the slide till the detent 
caught into the next following notch. The camera was fixed on a wooden frame let 
into the ground and strengthened with boulders on the same general plan as that 
used with the slit spectroscope. It was placed to the west of the latter instrument 
so as to catch the light from the upper unused portion of the solar beam from the 
siderostat. Owing to its angular deviation of 90°, the instrument and the operator 
were altogether out of the way of the slit spectroscope (see Plate XI V, fig. 1) . For 
focussing the instrument an eight-inch Newtonian mirror was used as the collimator, 
the eye-piece having been replaced by a slit and the jaws brought into sharp focus 
with a Pamsden eye-piece fitted on to a slide resting on the surface of the slit 
through which a star was simultaneously observed, which insured parallelism of the 
rays from the slit into the mirror when used as a collimator. 

fp 

Personnel . — Professor G. M. Woodrow, F.L.S., of the College of Science, Poona, 
was in charge of the instrument and manipulated the slide. 

Mr. A. B. Vaidya acted as recorder. 

^ Mr. D. G. Dani (student) exposed and shut off the light from the camera with 
a card-board screen at given signals from Mr. Woodrow. 

Programme . — The plates employed were Edward’s Snapshot Isoohromatic 
backed with antihalation composition and the proposed programme of work was as 
follows : — 


Plate I. — Instantaneous for “ flash.” 

' Plate II. — 10 seconds. 

Plate III. — 30 seconds. 

Plate IV. — 20 seconds. 

Plate V. — 5 seconds. 

Plate VI. — Instantaneous for “flash.” 

Unfortunately before totality the slide was accidentally pushed up with some force 
and was thus automatically opened and exposed through the first two plates and a 
part of the third ; it seems to have been immediately withdrawn and replaced in the 
normal position and the following programme was gone through : — 

Exposure I, instantaneous, at the call “117 seconds ” instead of “ Plash,” 
i.e. four seconds late. 

Exposure II from “ 112 seconds ” to “ 102 seconds.” 
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Exposure III from “ 97 seconds ” to “ 67 seconds.” 

Exposure IV from " 61 seconds ” to “ 40 seconds.” 

Exposure V from “ 36 seconds ” to “ 31 seconds,” 

Exposure VI, instantaneous, but four seconds after the end of totality 
instead of at the call “ Flash, over.'' 

No intimation of the premature exposure of the plates was given and on deve- 
lopment the first two plates came out quite blackened. In the feeble light necessary 
for working with isoohroinatic plates no details were visible during development ; the 
third plate, however, on development curiously enough blackened only through about 
a third of its breadth ; this was also rejected, but it led to an indication of some 
error in exposure and not to any defect in the camera itself. The three remaining 
plates developed quite correctly. On examining the plates after fiLxing, broad 
Eraunhofer lines, and not arcs of H and K, together with some fainter ones were seen 
impressed on Elates 1 and 2, Numerous Eraunhofer arcs were visible on the third 
plate which must have got impressed during the temporary stoppage of the slide in its 
premature upward career. This plate (No. 3) in the subsequent operations during 
totality was re-exposed for 30 seconds, and on it a faint impression of the coronal 
spectrum in the middle of the plate which had escaped first exposure is just visible. 
Had I been aware of the accident, and not withdrawn the plate from the developing 
solution on the appearance of the black patch on a portion of it, tliore is no doubt 
that on further development this idate would have, owing to its longer exposure, 
given even a better impression of the corona spectrum than either Plato 4 or 5. 

Of the plates (Nos. 4 and 5) on which the corona spectrum has boon successfully 
impressed. Elate No. 4 is by far the better, it was exposed very nearly at mid- 
eclix)se and the chromospheric circles in II and K give almost complete images of 
the chromosphere (see Elate XV, fig. 2). Several prominences, nine in all, are 
also seen. Prominence No. 1 in the south-east quadrant is impressed in the largest 
^number of monochromatic images. A continuous streak runs parallel to this pro- 
minence through the whole length of the spectrum. In some parts it can be easily 
seen broken up into numerous discreet points. 

The following table gives a comparative list of the monochromatic images 
belonging to each of the nine prominences : — 


B 189 8-- 11 
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Wave-leDgtli. 

Element. 

Promi- 

nence 

I. 

Promi- 

nence 

II. 

Promi- 

nence 

IIL 

Promi- 

nence 

IV. 

Promi- 

nence 

V. 

Pi’omi- 

nence 

VI. 

Promi- 

nence 

VII. 

Promi- 

nence 

VIII. 

Promi- 

nence 

IX. 

3349-04 •) 
3349-13 [ 

Ti 

X 









3349-21 3 
3364-4+ 

CoPNif 

X 




... 





3374-5 

Ti 

X 



... 




• *• 


3685-3 

Ti 

X 




... 



... 


3721-8 


X 



• a. 






3734-1 

HX 

X 









3760-1 

Hk 

X 



• •• 






3769-6 

Ti 

X 



• • » 






3798-0 

Be 

X 









3835-6 

Br) 

X 



x 

X 

X 

X 



3839-1 

Hf 

X 



X 

X 

X 

X 

... 


3933-8 

Ca 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3968-6 

Ca 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4102-0 

Bb 

X 






... 

... 


4340-6 

HX , 

X 

.. . 


X 

X 

X 

X 

X 


4471-6 

He 1 

X 



... 






4861-6 

Hy8 1 

X 



X 

X 

X 

X 

X 


5876-87 

He 

X 



... 






The contiimous spectrum of the corona is most intense 'between F and G, where 
it reaches a height of nearly 0'44i of a solar diameter, eq^uivalent to over 14' of arc. 
The broad ill-defined ring a little more refrangible than has its origin in the 
continuous spectrum of the corona acting on the isochromatic plate, which has a 
maximum of sensitiveness for that portion of the spectrum as evidenced by the 
greater height to which the photographic impression has reached there than in the 
neighbouring parts. This has already been demonstrated by Sir N'orman Lockyer 
regarding similar appearances in the coronal spectrum photographs of the Eclipse of 
April 1893. {Vide P. T. (A), Volume 187, page 690.) 

Three coronal rings are shown on the photograph. The first is of course the 
well-known one in the green. It is not complete, only the eastern half beiog dis- 
cernible. This is due to the other half being masked by the strong light of th e 
continuous coronal spectrum falling on the same part of the plate owing to the ^ 
moderate dispersion of the apparatus. The other two rings are in the extreme 
ultra-violet at wave-lengths x 339 m/* and x B4id the second being the more 
intense. These rings are nearly complete, but owing to the want of sharp focus 
they give the contour of the coronium distribution in a somewhat distorted form. 
The rings are very irregular in form, the thickness of “ coronium ” matter being 
concentrated near the solar equator. They seem to have no connection with the 
prominences except in the case of prominence No. 1, which seems to be situated in 
the same horizon as a mass of coronium ; no connection moreover can be traced 
between these loci of concentrated coronium matter and the directly photographed 
“ inner corona ” or the extended streamers. Each of the coronium masses has at 
the same time produced a streak of continuous spectrum stronger than the general 
spectrum and ^hree such streaks are easily recognised. 
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The wave-length of the green coronal line comes out x 6303'5, being practically 
the same as the South Kensington value of x 5303‘7 (P. K. S., Yol. 64), p. 170) and of 
Campbell X 5303-26 (A. P. J., Vol 10, p. 190). 

The problem of determining the wave-lengths of the two ultra-violet rings 
proved to be one of some difficulty. The rings and indeed the whole spectrum is ill- 
defined. There is scarcely any doubt that the camera was considerably disturbed 
and the swing-back moved from its original position in the hurry of resetting the 
slide after the premature exposure of the first three plates, and hence the want of 
‘good definition, because the same instrument has subsequently given extremely sharp 
spectra of sunlight with a quartz-spar collimator. Moreover, as there were no well- 
recognized prominence radiations beyond the corona rings in the ultra-violet, it was 
found necessary to employ extra-polation. The Cornu- Hartmann formula was, 
therefore, tested for its applicability to extra-polation. Ten prominent lines on a 
solar spectrogram taken with the six-inch prismatic camera were selected ; they 
were measured with an ordinary engineer’s scale, and taking the three lines 
(518"4), F (466-8) and x 438-4 as fiducial lines, the wave-lengths of the rest of 
tire lines were evaluated. The values came out well, as will be seen from the 
following table : — 


Calculated X. 

Correct X. 

*518'4) 

518-4 

48 5-9 

486-1 

* 466-8 

466-8 

* 438*4 

488-4 

434-0 

434-0 

422-7 

422-7 

414-4 

414-4 

404-6 

404-6 

396-9 

396-9 

393-4 

393-4 

— • - 




The results proved so encouraging that a fresh determination was made with 
more exact readings and more correct values for the wave-lengths. The resulting 
values are given below ; — 


Calculated X. 

Correct X* 

* 5183-79 

5183-79 

4862-27 

4861-53 

*4667-63 

4667-63 

* 4883-72 

4383-72 

4340-26 

4840-63 

4226-53 

4226-90 

4045-32 

4046-97 

896141 

8961-67 

3944-37 

3944-16 
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The source of the discrepancies in the decimal of a unit in the second series of 
determinations is to he sought for in the difficulty of dividing the selected lines, 
most of which were in the test photograph of the solar spectrum considerably broad 
compared to the thickness of the cross-wires. Por instance, five divisions of the 
micrometer head which would not have made a very decided difference in the 
bisection of line x 4861*53 would have given the correct value. As with the lines 
extra-polated the differences between the calculated and correct values are less than 
for this line which falls within the three fiducial lines, the discrepancies must he 
attributed to the want of exact bisection of the spectrum lines. I have not thought it 
necessary to put the formula to a further rigorous test, as for my particular purpose 
the degree of accuracy attained was more than was possible to obtain with the 
eoronium spectrum owing to the very undefined character of the ultra-violet rings. 

Por these reasons the Oornu-Hartmann formula was with confidence employed 
for extra -polation, and had it not bean for the diffuseness and faintness of the images 
of the coronal rings their wave-lengths could have been determined with groat 
exactness. The extra-polation gave the values x3391aud x 3456, hat after a very 
carefnl consideration I am not inclined to assign them more accurate values than 
X B39 nij. and x 346 I may here state that Mr. Evershed informs me that he has 
detected on his Indian photographs a coronal ring at x 3388 ± and M. Deslaudres is 
also reported to have observed two ultra-violet coronal rings at the Following eclipse 
of 28th May 1900 (Astrophysical Journal, Vol. XII, page 288). 


XVIII. — The Flash Spectrum, 


The spectrum of the Elash taken at the end of totality, four seconds after third 
contact, is crossed by five streaks of continuous spectrum duo to flie roa])poaring 
solar crescent. Numerous chromospheric arcs are recorded. The photogra[)liic 
action ends at about x3278'0. The Hydrogen series is recorded up to Hx and 
among the other more prominent radiations are those of Ca, Ih and Ee. The 
following table gives the wave-lengths and origins of these arcs ; — 


W avo'leugth. 


3277’0 
333cS 6 
334C-9 
3357-4 
3370 5 ) . 
3370-9 1 ■ 
3380-4 -j . 
3380-7 j ^ 
3 10 1-4 ■) 
3404-5 J 
34.18-6 
3433-4 


Eloroont. 


eiioto action ends. 

Te. 

Ti. 

Zr. 

Ti. 

Fe. 

Ti. 

Ni. 

Fe. 

Fe. 

Fe. 

Or. 


Wave-longtb. 


3457-2 
3472-7 
3495 -n „ 
3495-8 J 
3685-3 ? 
3707-7 
3720-1 
3734 1 Hx 
3750-1 
3759-4 
3770-7 Rc 
3797-9 


Elomeut. 


Fe. 

Ni. 

Fe. 

Ti. 

Ti. 

Ti. 

Fe. 

H. 

H. 

Ti. 

H. 

H. 


1 1 

Wave-lcnjg^bli. 

ElcinonU 

3S35-G IT, 

H. 

3889-3 Hf 

H. 

8933-8 

Ca 

3968-6 

Ca. 

4077-9 

Br. 

4102-0 Hs 

H. 

4340-6 Ry 

H. 

4471-6 

He. 

4861-5 Rfi 

H. 

4920-7 

Fe. 

5167-5 

Mg. 

5172-8 

Mg. 

5834-0 

Photo action ends. 
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XIX. — Single-prism spar and quartz prismatic camera. 


This consisted of a quartz- caleite achromatic leus 2^ inches in diameter of 
17 inches focus by Hilger and a spar prism of 40“ with faces 2| in. X If in., giving 
a double image. Only the “ ordinary ” spectrum was photographed, the “ extraordi- 
nary ” being deflected towards the side of the camera. At the back of the camera 
was a slit ^ inch broad and a double carte de visile slide was employed to carry 
Edward’s Snapshot Isochromatic plates. Equi-distant marks were made on the slide 
and it was brought in position for each exposure by making the successive marks 
coincident with an index mark on the camera and there kept in position by a 
thumb screw pressing against the slide. The camera was placed to the east of the 
image lens of the slit spectroscope and received light from the upper portion of the 
siderostat mirror (see Plate XIV, fig. 2). The length of the spectrum obtained was 
•| inch, the distance between and K being f inch. 

Personnel. — (1) Mr. S. D. Writer, Drawing Master of the College of Science, 
Poona, was in charge of the instrument and manipulated the slide ; (2) Mr. J. D. 
Dubash (student) exposed and shut off the light from the camera with a card-board 
screen at a call from Mr. Writer; and (3) Mr. H. D. Mistri (student) acted' as 
recorder. 


Trogramme. 


Exposure. 

Duration. 

Times actual exposures 
at the call of 

I 

Instantaneous 

116 seconds. 

II 

Instantaneous 

11 4 seconds. 

III 

1 second 

118-112 vseconds. 

IV 

5 seconds 

84-80 seconds. 

V 

10 seconds 

7o-65 seconds. 

VI 

15 seconds 

63-47 seconds. 

VII 

10 seconds 

10-0 seconds. 

VIII ... 

Instantaneous at tin 
end of totality. 

One second after 

totality was over. 


_ ^ ^ 

1 __ _ 


It will be observed that the first exposure was made fully five seconds after the 
appointed time and during the one second exposure the plate was somehow shifted, 
so that there are two impressions of the chromospheric arcs one below the other 
instead of one. The last (eighth) exposure was also evidently a good deal after the 
end of totality as no less than five streaks of continuous spectrum due to the 
reappearing solar crescent behind the rugged edge of the moon are photographed 
along with the chromospheric spectrum. 

Plate I only gives the principal chromospheric arcs and there is no particular 
feature calling for special remarks. 

B 13J8— 12 
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Plate Ilj exposed seven seconds after totality, gives the first indication of the 
green corona ring along with numerous chromospheric arcs which are still persistent. 

Plate III, exposed eight seconds after totality, bas a fully developed and complete 
green ring of coronium, and there are strong indications of another ring on it. The 
chromospheric arcs are also present. 

Plate IV, exposed thirty'six seconds after totality, has the chromospheric arcs 
completely absent. Prominence No. 1 has, however, left numerous impressions, and 
the other prominences are shown in radiations H and K. 

Plate V, which was partially spoilt during development, shows no special 
features of interest. 

Plate VI, exposed fifty-seven seconds after totality, has in addition to a well 
impressed green coronium ring indications of three other rings, one of them being in 
the ultra-violet. 

Plate VII, taken during the last ten seconds of totality, has numerous chromo- 
spheric arcs besides a complete ring of green coronium on a continuous spectrum 
and shows more chromospheric lines than Plate VIII, presumably taken at the ei;id 
of*totality hut evidently exposed several seconds afterwards. 

The chromospheric arcs recorded are given in the following table : — 


Wave-lengths. 

Element. 

Wave-lengths. 

Element. 

Wave-lengtlis 

Klein ent. 

8S46-9 

Ti. 

3720-1 

Fe. 

4077-9 

Sr. 

3354-8? 

Ti. 

3734 1 Hx 

H. 

4102*0 Hs 

H. 

33 68- 2 

Or. 

3750-15 Hk 

H. 

4134-01 \ . 
4134 49 J ■ 

Fe. 

3377-6') 

Ti. 

S769 4< 

Ti. 

3377 7 J 

8770-8 Hi 

H. 

4152-1 

Fe, 

3389 8 

Pe. 

3797-9 H(9 

H. 

4215-7 

Sr. 

3899 8 

? 

3835-6 H, 

H. 

1 4340-6 H-y 

H. 

34il3'3 

Fe. 

3858-3 

Ti, 

4401-18 

? 

3423-8 

Ni. 

8874-2 

? 

li 4471-6 

He. 

3445-9 

Fe. 

3889 3 

H. 

4861-5 H/3 

H. 

3685 8 

Ti. 

3933-8 

Ca. 

4920-7 

Fe. 

3703 9 

H. 

8968-6 

Ca. 

4950-8 

Fe. 

8711-9 H. 

H. 

4013-0 

Ti. ? 

i 

58 75 -8 Dg 

He. 


XJf . — The integrating spectrograph. 

The fifth spectrograph employed was an integrating one. The importance of 
examining the light of the eclipsed sun with an integrating spectroscope cannot 
be better summed up than in the following words of Sir Norman Lockyer : — “ In 
organizing the work for the eclipse of 1871, stress was laid on the importance of 
•obtaining a photograph of all the light radiated earthwards during an eclipse, to 
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supplement the work of the slit spectroscopes which had to do with the light 
radiated by special parts of the solar surroundings. This work is a thousand times 
more important now that the spectrum of the prominences is so clearly separated from 
that of the corona by the prismatic cameras, because it enables us to make a flank 
attack, so to speak, on the corona spectrum.”* 

It was for these reasons deemed adTisahle to attack the problem also from this 
direction. The instrument was composed of a collimator inches in diameter of 
46 inches focus which embraced a held of nearly 2° in diameter, with two prisms, 
one a Rutherford compound prism X 1-^'^ face and at the longer base and 
another a single 60° prism 2^" x The camera lens was a Dallmeyer Rapid 

Rectilinear of If" diameter and 18" focus. 

The slit was kept at such a width that when directed to the cloudless sky at 
approximately the same altitude as the sun at the time of the eclipse it gave a fully 
developed image of the sky spectrum in five seconds. The spectroscope was mounted 
on an equatorial stand driven by hand and was guided by a small finder, the eye- 
piece of which was provided with a ring micrometer which exactly covered the 
cifcumference of the sun. The instrument was, therefore, directed and maintainsed 
in the correct position with very great ease. The instrument as erected is shown in 
Plate XVI, figs. 1 and 2. 

Personnel. — Mr. D. D. Sanga, Lecturer in Veterinary at the College of Science, 
Poona, was in charge of the instrument and drove it with the help of the finder. 
Mr. F. S. Eharucha (student) opened the slide and closed it at the appointed ^ime 
and Mr. H. A. Lilamvala (student) uncovered and covered the slit at the other end. 

The exposure was commenced at five seconds after commencement of totality 
and was continued up to five seconds before the end of totality. A total exposure of 
110 seconds was therefore given, but on development tho plate came out blank. The 
failure in obtaining any impression is inexplicable, except on tho supposition that 
the total light of the corona was very much less than one twenty-second part of the 
-•light reflected from an equal unclouded area of noon-day sky in India ; for there is 
not the slightest doubt that tho slide was correctly opened, the slit exposed and the 
instrument carefully directed and kept on the eclipsed sun as arranged for. This 
failure is more significant, as Sir Norman Loekyer with a larger instrument was 
unable to get the integrated spectrum at Viziadurg on the same occasion. 

This form of the spectroscope is eminently suited for giving decided informa- 
tion regarding tho comparative total intensities of the different radiations composing 
coronal light, txnd a more systematic attempt at some future eclipse with fuU preli- 
minary trials on the possible total actinic intensity of the corona seems to be highly 
desirable. 


* Lockyer’s Eecent und^Oornmg Eclipses, 18D7, pp. 21-22. 
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XXI. — The Ooronal spectrum. 


We may here pause to inquire what light our ohserrations throw on the nature 
of the corona spectrum. 

The spectrum is no doubt composed of at least three components : (1) a con- 
tinuous spectrum due to incandescent meteoric (?) dust, (2) a gaseous spectrum due 
to one or more unknown elements in the state of gas, (3) a true Trounhofer spectrum 
due to light directly reflected from the sun on the coronal matter. It is quite 
easy to conceive that the spectrum from such a composite source should vary. 
The intensities of the first and second sources would depend on the general state of 
solar activity, while the third would depend on the relative reflecting power of the 
first. 

A systematic investigation of the problem may be said to have commenced with 
the observations of Eayet in ] 868. Discordances in subsequent observations have 
strengthened the belief in the variability of the spectrum and more than one inves- 
tigator have thrown out the suggestion, which has now practically received universal 
acceptance, that the variability goes band in hand with the sun-spot cycle. 

I have collected here the most important spectroscopic observations since 1868, 
indicating at the same time for the epoch of each eclipse the mean solar spot activity 
in Wolf’s frequency- numbers both for the month and for the year of occurrence. 


Trevious observations of the spectrum of the Corona. 


1868. Eayet: Lines F,E (1474 K) and D (D3) traced to a height of 6' 

above sun^s limb when the great prominence according to LeLa Rue 
was 3' 22" high. 

Rhia, Tennant and Pogson : continuous spectrum only. 


Monthly number == 4*9 

Moan annual number « 7*3 


Montlilv number = 68*2 
Mean annual number —66*3 


1870. 

Monthly number * 130 
Mean annual number « 139 '1. 


Hoflcness : Corona spectrum continuous and as bright as that of 
the full moon; one bright line. 

Young : Faint continuous spectrum with one bright line (1474> K). This line persisted in 
other parts besides prominence legions. 

PicJcering : A continuous spectrum with two or three bright lines^ the brightest being 1474 K. ^ 

Yom/g: Line 1474 K traced from lO' to 13' from the sun; it 
extended B and W further than towards the poles ; no dark lines 
though carefully looked for. 

Carpmeal: Three bright lines, of which 1474 K was 8' above sun’s limb. 

Earkness : Line 1474 K estimated as extending 10' to 15' above sun’s limb. Two less 
refrangible lines were suspected. 

Winlock ohsevsiei C, D3, 1474 K and P. Line 1474 K was seen to a distance of 25' above 
sun^s limb and the others nearly as far. No dark lines were seen though carefully looked for. 

Burton, JJeSoza and Lorerizi observed 1474 K. 
lYohile saw 1474 K for 15 seconds after end of totality. 

IlaoLear saw five bright lines. 
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1371. Resphigi saw three rings corresponding to C, 1474K and I. 

Monthly number == 105-4. The second was the briglitest, while the last was the faintest. The 
Mean annual number = 111*2. line was & to T high^ while 0 and F were nearly the same. 

saw three Hydrogen rings together with 1474K ring, all about 2' wide; 1474K 
was the faintest. With a slit spectroscope 1474K was about 6' above sun's limb ; continuous 
spectrum and Hydrogen lines being very bright. 

Eerschel and Tennant saw 1474K 10' from the limb. 

Saxton and Tupmam saw 1474K. 

P^ers saw C, D3, 1474K and P. 

Fergmon saw same as Pyers and four other lines in addition. 

Janssen noted Hydrogen and 1474K to a distance of 10' to 12' from the limb. Besides these 
D was seen darh and also some other faint ones in the green. 

Moseley traced 1474K about 22' from limb. 


Stone . — Spectrum of inner corona (7' from limb) gave the Hydrogen lines, 1474 K and two 

or more much fainter lines near 1474 K of less refrangibility. A 
continuous spectrum background but no dark lines. In the outer 
corona up to 45' from limb he saw 1474 K bright and a faint Fraun- 
hofer spectrum. 


1874. 

Monthly number 
Jlean anniial number 


32 

= 44*6 


1875. 

Montbly number « 29*1 
Mean annual number = 17*1 


1878. 

Montbly number =* O'l 
Mean annual number « 3*4 


Schuster : Photography was for the first time employed for the 
spectroscopic examination of the corona. The attempt was very 
partially successful. One corona ring was identified with Hydrogen 
and a continuous spectrum was impressed on the plate. 

% 

The observations of this eclipse are very conflictiug, but the 
observers agree in concluding that the gaseous corona radiation was 
very weak. 


BarJcer saw a very bright continuous spectrum with Fraunhofer lines, which was relatively 
brighter than that of the moon giving dark lines of the same intensity. He, therefore, concluded 
that the corona consisted of reflected sun light mixed with incandescent meteoric matter. 


Sc/imteT saw a very bright continuous spectrum and suspected two green lines, but he did not 
notice any dark lines. 

Bees saw continuous spectrum with Fraunhofer hues. 

Sampson, Newcoml and Clark saw only a continuous spectrum. 

Lochjer and Harkness did not notice any green line or ring. 

Draper photographed a continuous spectrum without trace of any rings ; visual observations 
were equally negative. 

Young, on the other hand, saw C, D3, 1474 K and F bright. 0 was traced to 10' and F to 5' 
from the limb. 

Rennet saw both 1474K and F. 

Seagrave saw one faint line. 


Dastman traced 1474K to a distance of 14' from the moon's limb besides observing the bright 
continuous spectrum. He concluded that the green line belonged to the inner coronii. 

B 1398—18 
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ThoUon oljw^rvotl I', J)g, 117 IK. F j«i<i » jtruiiji of r.ivis in fj»<t 
violet {i>hot<»gro|)hwl by Hchtwtvr) lu' fr» 1// fi.tm tin' hsomu'k 
limb. He flietiuetly ithwmKl KTiK <i» u hri^fht 
Bpectnim. 

iTVojjii, who confined limm'lf to tlie m‘iglib«urhiKHl of the j'swn etineist lute, . h .eri'c.l ti «»i, • 
blank background and doteniunod itn jMiHiliim jih »*xaetly wiiK-iibitg with the mure ; ** s * ! 
component of the solar 14(74K pair. 

Puisem saw in the coronal Bi>6ctrum tl, Dg, 1474K, two line* uf thi- ifronp /< ontl n Im.i 
1474K and E. He did not see any oontinuoun siteetnim. 

Taw'Wai observed the conmal speotriuu to about 7' from the niimnVj limb. H. al .. n .fed »« 
the red part of the siwotrum the lines tUHD, <5491, and tHSW nf wbi-h fb«> ln-.i IW 

greatest height from the moon's limb. 

Ahnei/ mi Mmter noted Kami 11 (Cahsium) Ha, Hij, llyiuid lbs ...ron,* uiii;.! » f*,,.. 
Daring, Continuous spectrum of the N side was riHwdisl uj» to Jll'Hb ami mar li »!(,> .x»* 
tinuouH apeetrum was traced up to 1'47 times the mlius of the siin, 

a>r()na lines, one loss refrangible than (1, another a little lm« refrangible lluu, H, |*r,M.r 
t^eo in ultra-violet, were notoil. Also Fraunhofer dark lines about ti wm* cbaiU ! ' 

A list of other lines, about thirty, seen in the coronal sjsuslriuu is giv»'fi •in 117t', F 'F, fi ^ 
for 1884. 


1882. 

MoEtlily number * 04*1 
Mmn annual number - 59*0 


188a. 

Monthly nutnlmr 
Mean annual number.. 


an 

aa‘7 


//osb«^» saw 1474 K at second contact l(f j,, i;*' 
bright contimiows i pcctnuiijiut with jiniy two fb..bri:;bt 
coronium and dark Fraunhofer 1) (not I),). W. t K «.c .,bs. fv*.| wn 
to 15' from limb. ' 

Upioa at the beginning of totality saw C, Da. M74 K ami F bright. 
aftertotahty began coronal rings C, I)..,. 1474K supplimtid the linos ; nothmg h ..i.,.,,, y y * . 
1)3 rings wore twice as thick as 1474K, (1 being brightest . ’ » 

Prawn saw during totality only 14T4K intensely hrigbl. It u,.Temi,.i r ^ 
brilliancy while the continuous Hjiectrum grew fainter. He also obcennl a f«n/.b,,k ai,o* t 
orange-rod. ‘ '*■ 

Jansaew : The base of the coronal sped. rum wii« a '•I'mpl. Franiiihob » ' uj 

dp.i Koi» ™y., 1), I) li „,i 0 w™ n,™. y... n„g ( , , 

hmh ot tlio moon and the coronal had no iiajmHani |im|Hirtinii of iiilur liglif . 

Schuster and Ikrmm: Contiimoiii sjmHrnm from A-llbMt h, A flliifi n% 

aetmm intenHify was more towanb the red end tba,, 

IhiB shows that the contiimoua p.-; ^ ' 

incandescent matter of a lower tenit,. ro' the,. ,k„, •.?**' 

n I « 4, ■ ' «o»ii iliin ^ 

rrauiihofcr hum mm prmmi ilumi-h ftini . I 

northern hemisphere was weaker than of the southern. At least twehe li,„ ... • * 

corona proper. •' * i. . 


1886. 

Monthly number « 1(111 
Mean imuual number 25*4 


Jan# 1^9. 

Mouthly number * 0*8 
Mean auuual number -i 6»| 


Ke4srnoU4 a bright p. - , . 

hofer lines, but faint j they were not sointenw m in » ,L 
1474K w» blight itp to 12'. * 


F'ra»n« 
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H^lls photographed 47 hues in the corona spectrum ; most of 

Mmtlily number « 88'1 4.t ri i i i • 

Mean annual number = 84-9 chromo Spheric. 

JBa'ume Pluvinel recorded a Praunhofer spectrum. 

'Fowler noted 1474 K and seven other lines* 

Beslandres photographed numerous lines which he ascribed to the corona. 

1896. Shachleton photographed several rings and a continuous 

Monthly number « 27*2 
Mean annual number == 41-8 Spectrum. 

A glance at these ohserrations shows that the bright line spectrum distinctly 
varies with solar activity. It is not so easy to arrive at any result regarding the 
continuous spectrum as the photometric measurements of its intensity have not been 
seriously attempted. The Fraunhofer spectrum seems also to undergo changes.* 

The present eclipse, though it occurred near the time of minimum, happened at a 
period of actual abnormal activity, and the evidence of the Jeur photographs is all 
tending to show that the bright line spectrum was not feeble and my eye-observations 
and those of the Reverend Father Haan recorded in a subsequent section confirm 
this. The continuous spectrum in the quartz camera reached the height of nearly 
0’46 of a solar diameter. On the other hand, the slit spectroscope did not give aqy 
indications of a Praunhofer spectrum. 

The principal radiations of the gaseous coronal spectrum from a combination of 
the several photographs are proved to be at wave-lengths : — 

^ 5303-7 
4668-6 
^ 4231-3 
3466-t 
X 3390-± 

The ordinary prominence lines of Hydrogen, Helium and Calcium do not seem 
to form part of the true coronal radiation. 


XXII. — Visual spectroscopic observatioM. 

Three instruments were employed for the purpose, viz., a “ binocular spectro- 
scope,” an objective prism telescope, and an analysing slitless spectroscope. 

(1) The hinocular spectroscope. 

This instrument consisted of a two-inch binocular, in the right-hand eye-piece 
of which a powerful direct vision prism of Jena glass was inserted. The prism could 
he rotated so as to bring the dispersion parallel with the motion of the moon. The 
front of each object glass was provided with two moveable dark glasses of graduated 
tints. 

The instrument was employed by me principally for noting the moments at 
which the two “flashes” occurred. I had also intended to study the distribution of 


* With reforeace to this last point c/. Ast. Phy. Journal, Voh XIV, jjage 355.--- (Nots^^b. 1902.) 
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the green coronium gas in relation to the visible corona. Somtt tw(‘lvo 
before totality I could with difficulty discard one of the dark glnsscH from front of 
the spectroscope and ten minutes and a half before totality dark Frannliof(*r lirif*g 
began to appear, which rapidly increased and multiplied until a minuti’i and twenty 
seconds before totality bright chromospheric arcs began to make their 
The second dark glass was then removed. The first chromospheric arcs to Im) .swm 
were those of D3, E, F and Q-, after which the rapidly disappt'ariiig c'dge of tin* 
sun became broken up into numerous fino bright horizontal liin^s whicli .Mimppotl 
almost simultaneously with the flashing out of the bright lint* Hpf*et.r»!n. Tlw 
“flash” bad occurred at 12h. 19 m. 36 s. Madras Moan Time. I at onet‘ gave tlin 
pre-arranged signal “ F/osA ” and a second afterwards ToMUt/.'' I next -S?,.-. d 
at the chromospheric arcs and prominences : those had practically the smut* form in 
Helium and Hydrogen radiations. Next I directed my attention to the grt*eu er>r>t'si!;r! 
arc. I was very much surprised not to be able to pick it out ; on tho eontrary. I 
found the whole spectrum suffused with strong prismatic colours in wlileh the gwn 
predominated. It was after groat difficulty that I could notico the green e.ir.'*e-j’ ; 
arc which was very broad and diffuse ; the continuous sp(>( 5 trum (jf tlie eoroim hiid 
practically drowned it in its powerful light. Next I attempted toeompiire t hnnoroim 
as seen directly through the opera glass withitsgroon image in tlu> sp(*e(i‘<i«^f<ij»e, hnt 
I failed to see the former. I could not understand what had happenud ami I guv** it|i 
the attempt when bright chromospheric arcs had begun to appeal* in f lu* oppostt*’? 
quadrant; then came the second flash, more suddenly, it siu'infd, than the first, iim! 
all was over. The time from “flash ” to “ flash” was exactly 120 ja cuud: . 1‘., »* • 

I determined to give up the attempt to view the corona through the opi'ra-g!{i.Hs onn 
hundred seconds of totality had passed, and as it was important to catch the scraoml 
flash I had to suppress the groat desire to have a direct eyc-view of thi* . .-tlji 
After totality I found that the set of dark glasses in front of the loft, -ha ml 
glass had not been removed, in fact I had completely lost sight of their ^•xi.4tnncM; 
and hence of the “incomparable corona” I had soon nothing. 

The instrument had completely fulfilled its task of noting the mmnciifH whmi tlHl 
two contacts occurred, but for examining in detail the distribution iho grntm 
coronium gas it was not powerful enough ; much higher di8porKti>n, it socins, ii 
absolutely necessary for the purpose. 

(2) The ohjp,ctive-][)niim telescope. 

This was a throe-prism spectroscope by Browning without its o .*•. |t 

was mounted on a parallactic stand. The Kovorend JJr. 1). MocKich.io, M.A, i>jl 
LL.D., Principal of Wilson College, Bombay, was cn( rusted with the instrnnmnt. Vl» 
concentrated his attention to the observation of the “ 1474 K ” arc ; it was distinctly 
seen of crescent shape during the first half of totality, but Dr. Maekichan fnilml ii 
decern any remarkable peculiarities about it (See Plato XVl, fig. 1.) 
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(3) The sUtless analysing spectroscope. 

The Reverend Father F. X. Haan, S.J., Professor of Physios at St. Xavier’s 
College, Bombay3 had charge of this spectroscope. His interesting report is given 
below in extenso : — 

instrument used was a Stewart^s S-inch telescope, combined with a Hoffmann'^s direct- 
vision spectroscope with 5 prisms, dispersion 12 °, mounted equatorially. The eye-piece of the 
telescope being removed, and likewise the slit of the spectroscope, the instruments were joined 
together by a strong brass tube and the image of the sun was focussed to where the slit had been. 
The position of the spectroscope was such that the direction of the movement of the moon was 
perpendicular to the edge of the prisms. The part of the spectrum from the line D to the 
line F could be seen at the same time. At the beginning of observation a smoked glass was used, 
which was removed when totality set in. 

Ten minutes before totality the light had considerably diminished, and the country presented 
the same aspect as when it is observed through a glass of neutral tint ; nothing was to be seen of 
a pale yellow colour ; also at the horizon the sky kept its neutral colour ; after totality this neutral 
tint was not perceptible. 

^ ^^At Ih. 15m. 39s. M. M. T. the dark lines E, 6 and P appeared. At Ih. 17m. 29s. all the 
dark lines of the spectrum were distinctly visible. About half a minute before totality the 
spectrum, which up to this had the same diameter as the disk of the sun, began to shrink, and 
at this moment the lines Da and F began to reverse. The part of the line F in the middle of 
the continuous spectrum remained dark; but the rim and its projecting parts were bright; the 
line Ds was at the beginning not visible in the continuous spectrum, but became afterwards 
luminous throughout. These two arcs of D 3 and P kept always the same extension. 

When the continuous spectrum had nearly three-fourths of its original breadth, other lines 
began to reverse, but not as high as D 3 and F. When reduced to one-fourth, most of the dark 
lines of the spectrum were reversed ; but they were not all of the same height, and some of them 
were very short. E and h had at this moment about half the length of D^.and P. The projections 
of several lines between 620 and 625 were shorter than E and 6 . The same was observed 
of several lines between h and F, some of which showed no projections. 

Next after the observation just described came a vibration of shadows. The impression made 
was similar to that experienced by a traveller in a fast train, who watches from a window of 
his carriage the sudden passing of a length of trellis-work. 

While this was going on, I could still see the bright lines but not so distinctly as before. 

I kept my eye fixed on a small part of the spectrum, a group of lines between SOOz^fi and 
Just at the disappearance of the continuous spectrum, the dark lines appeared luminous 
throughout ; but I could not see more than about three-fourths of the lines of the group bright 
upon which I had fixed my eye. When this was over, the bright arcs of Dg and F alone 
remained visible, and in the middle of the field of vision appeared the broad arc of 1474 K. 

^^The arcs of Dg and F showed four prominences nearly equidistant from one another: two of 
them above and the two others beneath the moon’s line of motion. The prominences had the 
same form in Dg and F. One of them, that which appeared nearest the line of the motion of the 
moon towards the north, showed a weak continuous spectrum for the first 5 or 10 seconds. It 
was difiicult to distinguish the colours and I could not see any dark lines in it. This continuous 
spectrum had the same breadth as the base of the prominence (see Plate fig. 1 , in whicK^ 

• B 1398—14 



{ ) 

the arrow shows the direction of the motion of the moon's ccutro). Tho nihnirH <if fliin [.■ >■?!■::( » 
were not very bright, especially the green and tho blue wore weak whihs tho ursutyo uiid 
were most prominent. 

“The arc of 1474 K was since the beginning of totality stwulily growing in brwwllh iiml bright- 
ness, till at 90 seconds before the end of totality it filled tho whole* fu'ld of vision, 't’ho aroH of 
D 3 and F now disappeared, leaving only the four bright spots of tho proiainoncnn. Othor arrn wore 
not visible. I could not distinguish the form of the prominoum in tlu* coroim-lighi. 

“ The light of the corona showed two dark rifts, parallel to tlm lino of luof ion of f ho iitotMi. 
They extended to the disk of the dark moon and nearly coincided with tin* twi* j>roiiiinon«’i*« that 
were nearest to the line of motion of the moon's centre. They wort* nhoiit four tiincN as broad aw 
the base of the prominences. 

“ To see how far the light of the corona extended I moved tho teloM'of).-. Iiut 1 rouJit not fujil 
the end without turning the image of the dark moon in the 1 174 K nuliation (‘titirety nut i»l' tho 
field of the telescope. While keeping this image within sight, tho extonshtn of tlu< fiiroiiji, xu far 
as it was visible to me, was equal to three solar diamotors j aiul tho light nt tin’ n«o.l iii*itaijf jwirt 
from the sun was still so bright, that it must have extondod to double thia ilit^iiiioe 
Plate XVII, fig. 2). I detected no movement in tho corona and tin* light .scoiiictl f»i la- hIi 

“ By the movement of the instrument, the F line was tuniod out of tho field and fht< < ’ lim- 
appeared, the four prominences showed here tho same form as in D, , 

“ Forty seconds before tho end, a continuous spoctnim hecaino vmiblti hot worn tin* tw<* rifta, 

in the red part of the spectrum. The rod and yellow wore bright tin* greni lf«« '..i and only 
partly visible, the blue was entirely quenched by tho light of the corona. Dark lin-o w.-n* not 
visible in it, and the colours did not coincide with those of tho proitiiiicnc('H and the coruttiti «a 
the yellow began near tho C line. It showed no distinct figure. 

“The four prominences wore still visible 26 socouds before tho c-ud ; tin- tw.i in (J,o ntnIdJc 
disappeared soon after; hut tho other two were still visible at tho ond of totnlily. 

“Whilst still engaged upon tho obsorvation of tho corona, suddenly a very* bright, conttmnmx 
spectrum about one-tenth of tho moon’s disk appeared. I had to n>inovi>'iuy 'oyo fr..i« tJn* 
instrument. Totality was over. It soomod I had turned one-half of tin- muon's imago ..,it J 

the field of the prisma, and thus the western side of tho sun and tim second lln-.h cntin-lv 01 -at ad 
my observation.” ^ 

The throe-inch equatorial in charge of Mr. Bifthi wan pkcetl lmtw .*..,i ih.* iitalni. 
naents of Dr. MacMchan and Father llaan and it was arnmgiul that Mr. lUshi «}if»iW 
give the position of any “ white” prominence that ho might oliw-rvo to i'’ni!i(*r iimn. 
JSo such appearance was, however, noted. (See Plato XVI, fig. l.j 


X2.III. The Coronographs ; I'hotoyraphtt of the (Jonmn. 

To takephotograptooftho corona the original intontion „» t« .no„„i » „™.. 

ihe very late arrival of the instruments, however, compelled an aB.*rat im. in tin* iikti 
and It was resolved only to utilise an ordinary six-ineh lens of an Jistrenmaira! 
scope by Grubb and a four-inch portrait lens by Harlot for thn rhVi m i * * 

M the corona. ^ ^ 
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The coelostat had a twelve-inch mirror adapted for use at the fixed latitude of 
18“ N. The levelling screws, however, allowed of sufficient adjustment in altitude. 
The clock driving the mirror was independent of the rest of the instrument and was 
connected to the driving-worm of the coslostat by a hook-joint. Both coelostat and 
clock were fixed on independent concrete pillars about three feet high. 

When first received the clock was absolutely out of order ; very likely it was 
not tried before despatch and extensive alterations were req[uired before it was set 
properly going. Unfortunately it was not provided with maintaining power; the 
little extra cost of the addition more than repays the outlay and it should not he left 
out particularly for eclipse purposes. The driving- weight consisting of a large stone 
block resting on an iron sheet platform was hung from a wooden gallows, the neces- 
sary drop being obtained by digging a small well underneath the gallows. 

The adjustment of the coelostat in meridian and altitude was effected by 
mounting a transit-theodolite on the upper end of the polar axis of the instrument. 
The method adopted was nearly the same as that described by Professor H. H. 
Turner on page 102 of Vol. LVII of the Monthly Notices of theEoyal Astronomical 
Society. He says : — 

"The adjustment of the axes of the coelostat was effected very quickly by means of the attached 
declination theodolite. The level attached to- the telescope makes it possible to adjust in altitude 
without any astronomical observation, for the latitude of the place can be taken from the chart with 
sufficient accuracy, and sotting the telescope to the south declination equal to the co-latitude and in 
the meridian, the level should indicate hori/ontality. Index errors of the circle and level are '‘esti- 
mated by reversal of the instrument. There is a slight uncertainty attending the placing of the 
telescope in the meridian, but this does non seriously affect the adjustment in altitude. If a cross 
level were made for the pivots of the telescope this uncertainty could be removed. 

“■To adjust in azimuth we must have an observation of the sun (or a star) at a distance from 
the meridian. Observing his declination (in i*c versed positions of the instrument and taking the mean) 
the instrument must be moved in azimuth until this observed declination agrees with that given in 
the Nautical Almanac. A very few trials, if tho sun can bo seen for half an hour, will soon indicate 
the true azimuth without any calculations within a miniite or two of arc, though if the instrument is 
moved much the altitude observation should be repeated." 

Eegarding the position of the camera Ions, after some oonsidoration it was de- 
cided to place it horizontally in order to get a firm support. The azimuth angle 
was calculated by the formulae given by Professor Turner in Yol. LYI, 8, of the 
M. N. R. A. S. This was found to he 20* 42' 50" north by west with an elliptical 
reflection from the coelostat of 12 inches X 8-2 inches. 

The camera lens, as previously stated, was an ordinary telescopic one by Grubb 
of 6" aperture and 84" focus, giving an imag*e of the moon equal to 0'8 inch nearly. 
In order to obtain a more achromatic image the aperture was reduced to four inches 
by a diaphragm in front, and the lens was mounted in its usual tube on a wooden 
frame-work, strengthened with large cobble stones as previously described in the case' 
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of tlie slit-spectroscope and siderostat. The instrament ready for work is shown in 
Plate XVIII. 


The best photographic focus was obtained by trails of stars. The plates 
employed were of cabinet size, being Edward’s backed isochromatic snapshot. The 
slides employed were the ordinary double ones of book pattern. They were 
considerably warped owing to the extreme dryness of the atmosphere, and after some 
trials I found a mixture composed of v/ngentvm sim/plex (simple ointment) of the 
British Pharmacopoeia, and some solid paraffin and lamp-black melted together the 
most efficient composition to make them light-tight. After filling in the plates the 
hot semi-fl.uid mixture was poured on the edges of the slides, the flaps rapidly brought 
together and clamped, and any excess of the composition on the outside was removed 
by vigorous rubbing with a rag. The joints were thus made perfectly light-tight 
and no trouble was subsequently found with the slides. 

The exposures given were — 

(1) One second. 

(2) Two seconds. 

(3) Eive seconds. 

(4) Twenty seconds. 

(6) Two seconds. 

(6) One second. 

^ The eoronograph was in charge of Mr. A. G. Hudson, Superintendent of the 
Bombay B,evenue Survey. He was assisted by Mr. P. DeSouza (student) who let in 
and out off the light from the lens by means of a cardboard screen at the call from 
Mr. Hudson. 

The plates were developed tentatively with pyro-soda. As recommended by 
Barnard (Lick Observatory Eeport, Total Solar Eclipse, January 1, 1889) the de- 
veloper was highly diluted and had a very small proportion of pyro, and the 
development was continued till further details ceased to appear. 

The four-inch Harlot portrait lens of 24 inches focus was mounted in a fixed”^ 
position and the exposures attempted were five, viz., instantaneous, one second, 
two seconds, one second, and instantaneous, on Edward’s Isochromatic Snapshot 
plates backed. The exposures were carried out successfully by Mr. D. D. Kapadia, 
M.A., B.Sc. With a focus of 24 inches such short exposures cannot to any appreci- 
able extent cause blurring of the image, and this was found to be the case as afl. the 
plates on development came out very successful. 


— General description of the Corona. 

Three plates taken with the larger eoronograph, viz. Nos. 3, 5 and 6, and Plate 
No. 1 taken with the portrait lens are reproduced untouched at the end of the 
Report (see Plate XIX). They very well convey an idea of the inner and outer 
• corona. The Rawing of the corona given as frontispiece to the Report was made froigi 



( 57 ) 

these plates hy Mr. Henry Consens, Snperintendent, Arch.se ological Survey, Bombay 
Presidency, the greater extensions being taken from his own photographs of the 
eclipse. 

The features which immediately arrest attention are the “ plumes ” near the 
southern solar pole, and the great extension of the S. W. streamer which on some of 
the smaller plates can he traced to 2| diameters. The polar rays on the north 
though quite distinct still merge into shapes more or less like the streamers. The 
polar rays in both regions are nearly straight in the centre near the poles, but further 
away they curve outwards. The principal streamers are in the north-east, north-west 
and south-west quadrants and they as well as all other streamers show distinctly 
Eaynard’s synclinical structure. The great south-west streamer is more radial than 
the other tw'o. The fourth smaller streamer in the north-west is composed of three 
separate rod-like forms, the upper two of which are almost parallel and of very 
definite outline. 

No definite general connection can be traced from the photographs between the 
prominences and the principal streamers. The large prominence in the S. E. quad- 
rant is indeed situated in the centre of the base of the S. E. streamer, but no sudh 
correspondence exists between the other prominences and streamers. The prominence 
in the N. E. quadrant is in a much higher latitude than the centre of the streamer, and 
the set of three remarkable prominences in the N. W. quadrant cannot in any way 
be said to be connected with the three streamers in that quadrant. The largest 
south-west streamer is moreover unaccompanied by any decided solar eruption.* 

XXV. — Type of the Corona. 

CoronsB have been divided into two main types, viz., the Sm-spot maximum and 
Sun-spot minimum. “ When sun-spots are numerous the corona appears to be most 
fully developed above the spot zones, thus offering to our eyes a rudely quadrilateral 
contour,” but w'hen the spots are few the whole aspect changes, “ north and south 
series of short vivid electrical-looking flame brushes diverge with conspicuous 
regularity from each of the solar poles ” and the synclinical streamers instead of 
being radial are more or less parallel *to the equator. The question was first inves- 
tigated in some detail by Mr. Raynard in his monumental work. Memoirs of the 
Royal Astronomical Society, Vol. XLI, and he has there reviewed the forms of the 
coronse from 1715 to 1878. Hansky in his Report on the Russian Expedition to 
Novaya Zemlya in 1896 has brought together in a very interesting memoir accom- 
panied by an instructive plate the varying forms of the corona. A careful examina- 

* I am aware that this is opposed to the views of other observers, hut the evidence of any snoli in- 
variable connection at this eelip.^e is, I think, very slender. The photograph reprodacod in the Report of 
the Survey of India shows an intimate i-elatiou between the throe prominences and streamers in the 
H. W. quadrant, An examination of the original negative has, however, revealed the fact that no such 
qjrrespondeiice is recorded there. 

B 13h8— 15 
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tion of the most reliable drawings and photographs since 18 ( 10 , however, hitlieat<« that 
there are sub-types of coronce and that the corona of 1808 Indongs (o one of theiwr. 
Evidently the form does not change only with the gcnornl maxiniiuu or niinimmn 
period, but with what Newcomb (Astr. Phy. J., VoLXllI) has caU(’<l the “ tnicl-plmsii 
rising ” and “ mid-phase falling ” epochs, and any abnormal activity of solar spot s has 
also a decided effect on the form. 

In Plate XX, I have collected together representations of the corona si nee I 
from the most reliable drawings and phot ograidis avuilahlo and in Plates XXI ainl 
XXII are shown how the time occurrence of each onlipso was related to Wolfs 
“ Sun-spot frequency ” numbers for every month of the joar and jUho fur each year. 


1860, July 18. 

1867, Aug. 29. 

1868, Aug. 18. 

1869, Aug. 7. 

1870, Dec. 22. 

1871, Deo. 12. 

1874, April 16. 

1875, April 6. 

1878, July 29. 
1880, Jan. 11. 

1882, May 17. 

1883, May 6. 

1885, Sep. 8. 

1886, Aug. 29. 

1887, Aug. 19. 
1889, Jan. 1, 
1889, Dee. 22. 

1893, April 16. 

1896, Aug. 9. 

1898, Jan. 22. 
1900, May 28. 


Sources from which the dmioinifs have been, made. 

’W’eedou’s drawing, Kaynard's Roj)nrfc, }iago 543. 

Groseli’s drawitig, Raynard'’s R -port, page .581. 

Bulloek^s drawing, Raynard’a Report, page 590. 

Meek, Schott and Matdood’s drawingw, IT. S. (JoaKt. Hurv«.y Rejairt. 

Brother’s photograph and (Jorallo's drawing, Kaynard’s Ee|K*r!, j-nge 
and Plate 6. 

Lindsay-Davis’s photograph, Raynard’s Report, Plato 7. 

Stone’s drawing, Raynard's Report, page 715. 

Loebyer and Schuster’s photograph, PhiloHophical Vol. 1B», 

Plate 12. 


Peer’s photograph, U. 8. Naval Ohsorvafory Report, Plato 10. 

Davidson’s drawing, Ilausky’s Novayii Zomlya HeiKirl. 

Schuster and Wesley’s composite drawing, P. T., Vol. 175, PhUo Id. 

Abney’s photographs, I’. T., Vol. 180 A., Plates 1 and 2, 

Graydon’s drawings, Tidd’s Kclipsoa, page 149, and ■' Natiiro " V..I ,1'* 
page 632. ' * 


Pickering’s photograph. Harvard Annals, Vol. 18, au<l vHclmator'i 
graph, P. T., Vol. 180 A., Plate 10. * 

Niesten’s photograph, in his Roport. 


ph. 


Barnard’s photograj h Lick Observatory Rci>ort, Platen 1 and 2. 

Perry’s photograph, Ohervatory ” XIII, and Burnham’s 
Lick Observatory Hepoit, Plato I. 

Schaeberle’s photograph. Lick Observatory Report and IlatiMkvV 
Zemlya Report. I adandre’s i)hotograph in bis Report, Plate iii.* 

Baden Powell’s photograph, P. T,. Vol. 190, Plato ii; and Ko fin l.v 
graph, Hansky’s Report. 

Jeur photographs. 


X»»%'j*ya 


Gantier-Riggenbach’s drawing, Archives des Sciences Phya5(pi« et N’a' 
for 1900, Plate I, and Wesley’s composite drawing, B. A. A, 
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In the following table I have given the dates of snn-spot epochs as determined 
by Newcomb (Astrophysical Journal, XIII) together with the dates of eclipses since 
1860. In the third column of the table are given the mean sun-spot frequencies for 
the month and also for the year in which each eclipse happened : — 


Mean Sun-spot 
frequency at Eclipse. 


Mean Sun-spot 
frequency at Eclipse, 


Maximum 
Eclipse . , . 


1860^2 

1860*54< 


Mid-phase falling . 1862*9 


Minimum 


Eclipse . . . 
Eclipse ... 


1867-2 

1867-66 


1868-63 


]N3tid- phase rising * 1869*3 


Eclipse . . . 
Maximum 
Eclipse . . . 
Eclipse ... 


1869-60 

1870- 9 
1870*97 

1871- 94 


f Monthly : 
\ Annual = 


C Monthly = 
Annual 
( Monthly: 
1 Annual : 


r Monthly ; 
\ Annual 


Eclipse ... 
Eclipse . . . 


Maximum 


Eclipse 


1882- 87 

1883- 34 


1888-7 


1885-68 


Mid-phase falling . 1886-1 


( Monthly 
X Annual 
( Monthly 
t Annual 


Mid- phase falling. 1873*2 


Eclipse 
Eclipse . . , 
Eclipse ... 
Minimum 
Eclipse •*.• 


1875-26 

1878-57 


1880-08 


f Monthly ; 
t Annual 
J Monthly 
\ Annual 
r Monthly 
X Annual 


f Monthly 
( Annual = 


Eclipse ... 
Eclipse ... 
Eclipse ... 
Minimum 
Eclipse ... 
Mid-phase rising 
Eclipse ... 
Maximum 


1886*65 I 

1887-63 

1889*00 

1889*4 

1889-97 

1891-8 

1893-29 

1893-6 


f Monthly ==64-1 
X Annual = 59 6 
( Monthly = 32*1 
X Annual = 63*7 


Monthly = 39*6 
Annual =52*1 


' Monthly = 16*9 
, Annual = 25*4 
■ Monthly = 21*4 


r Monthly = 21*4 
t. Annual = 13*1 
{ Monthly = 0*8 
t Annual = 6*3 


Mid-phase falling 1896*0 


Mid-phase rising . 1880-7 


Eclipse ... 
Eclipse . . . 
Eclipse ... 
Minimum 


1896-6 

1898*06 

1900-4 

About 

1901*7 


Monthly = 6-7 
, Annual =63 


f Monthly « 88-1 
I Annual =84-9 


f Monthly = 27*2 
(Annual =4 VS 
j Monthly = 30*2 
X Annual = 26-7 
I Monthly = 15-2 
X Annual = 9-5 


An inspection of Plate XX will show that though on the whole there is a great 
family resemblance between the forms of coronje at similar phases of solar activity 
from cycle to cycle, there are many instances of marked variation from a given 
type. 

In Plate XXIII the coronfB are arranged in descending order of mean annual 
sun-spot frequencies at the epochs of the eclipses. Here the devlopoment of the 
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corona from the maximum to the minimum form is more gradual and regular and 
in Plate XXIY where they are arranged in the descending order of absolute monthly 
sun-spot frequencies the development of tlie coronal form is still more marked. 

In a complete investigation of the subject not only the sun-spot frequencies 
preceding each eclipse by a definite period should be considered, hut other indications 
of solar activity such as facnlae and prominences ought to be also taken into account- 
Moreover, the forms of coronm as depicted are not all reliable and the same weight 
cannot be assigned to them all. It is only of late that both the inner corona and 
its outer extensions at an eclipse have been successfully and adequately photographed. 
Along series of such photographs taken with identical instruments from eclipse to 
eclipse alone can contribute to a satisfactory discussion of the problem. However, 
there seems to be very little room for doubting that the coronal features change in 
sympathy with the state of absolute solar activity. In a separate memoir I propose 
to undertake a further detailed investigation of this most interesting question in solar 
physics. 

XXVI. — Drawings of the Corona, 

To sketch the outline of the corona occulting discs were employed on the principle 
explained in my “ Instructions ” (see Appendix). Two of these discs supported on 
poles about fifteen feet high are seen sticking out above the screen in the photograph 
of the Observing Party (Plate VI). Mr. H. F. Beale, Principal of the College of 
Science, and Messrs. H. Gr. Kadne and J. E, Yadav, Draftsmen of the Archseological 
Department, shared the work between themselves. Mr. Beale sketched the N. W. 
quadrant, Mr. Yadav from N. W. to S. E,, and Mr. Kadne from S. E. to N. The 
combined drawing is given in Plate XXV and its general resemblance to the true 
aspect of the corona as given in Mr. Cousens’ drawing from photographs is on the 
whole very satisfactory. 

A sketch of the corona made by the Eeverend Mr. A. Abbott of the American 
Mardthi Mission, Bombay, with the help of an opera glass is also given in Plate XXVI. 

XXVII. — Visibility of the Corona out of totality. 

The longest recorded duration of the visibility of the corona before or after the 
eclipse is 12 minutes. This was observed by M.E. Petit at the eclipse of 1860. He 
says “ J’ai commence d aperceroir I’aurdole autour de soleil 12 minutes avant de 
premier moment de robscuritd” (Llaynard, Eclipse Eeport, page 83). During 
the American eclipse of 1878 Professor Upton saw it for 7 minutes 15 seconds after 
totality and Professor Langley “ without any other precaution than masking the eye 
from direct sunlight ” saw it for over 4 minutes after totality. Eecognising the 
importance of an accurate determination of the duration of the phenomenon, 1 had 
told off two independent observers for the purpose. The task was entrusted to 
Mr. M. S. Murzban and Master P. K. Naegamvala. They were each provided with 
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a stop-watcli and were instructed to shield their eyes with card-board screens so as 
to prevent any light reaching them from the south-west qnadrant of the eclipsed sun 
at least a minute before the third contact and to carefully direct their attention to the 
opposite quadrant. They were to start their watches at the call for third contact 
and to stop them when the last trace of the corona had disappeared. At the end of 
their observations the stop-watches were brought to me and I found the duration 
recorded by Mr. Murzban to be 17 minutes 44 seconds and by Master Naegamvala 
17 minutes 48 seconds. 

It is difficult to realise that the corona could have been in evidence so long, 
but looking at the independent nature of the two observations and the precautions 
observed., I see no grounds to question their accuracy.* 


jrJTF/JJ . — Shadow bands. 

The observations of shadow bands were entrusted to Messrs. Joshi, Sataravala 
and Godbole, students of the College of Science. “White sheets were spread on the 
ground and the observers were provided with compass, stop-watch and measuring 
rods. The first observer counted the breadth of the bands, the second their number 
and the third their direction. 

Both before and after totality the breadth of the bands was estimated to be 
two inches with an interval of eighteen inches between them. They were reported 
as “ very very slightly curved.” 

The number of bands before totality was counted at twenty-five in seven 
seconds and a half and after totality at eighteen in four seconds and a quarter. 
“ They were darker and came faster before totality, but they came on slowly and 
were more faint at the end of totality.” 

"The bearing of the bands,” Mr. Godbole reported, “was 116^°. They went 
from N. E. to W. Their bearing after totality was 147^° and they went from E. to 
W. The bands appeared like waves nearly an inch or two in breadth ; they went 
,very fast and gave the idea at first sight as if the cloth was shaken by wind.” 
Mr. H. G. Tomkins, who was just behind the observer, tells mo that Mr. Godbole 
actually rushed to the cloth to prevent it from apparently moving away, so strong 
was the illusion ! 

The Reverend Dr. G. P. Taylor also observed the shadow bands in the neighbour- 
hood of the eclipse camp and his notes of observations are given below ; — 

Station of observation . — The highest point of slightly rising ground about a mile or a mile and a 
half east of the Railway station at J eur. 

* A remarkable observation in support of tbc possibility of seeing tlio corona for a considerable time 
out of totality is given on page 92 of tbo Report of tho British Astronomical Association of the Eclipse 
of May 1900, where Mr Weir is reported to have seen tho corona, without specially looking for it, “ quite 
ten minutes before totality.’’ 

• B 1398—16 
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Time of olsenation, — Before and after totality ; iu each ease during about 3 minutes. 

Breaiih of shadow hands— first few to be seen appeared as though each was some five or 
six inches broad ; but these were soon succeeded by bands each apparently not more than about two 
inches broad. 

Interval between shadow lands.— T ub interval between the first few (broad) bands seemed to be 
about two feet, but the interval between all the succeeding (narrower) bands was apparently some 
four inches. 

Speed of passage of shadow bands. — After the first four or five the speed became much acceler- 
ated, and the shadow bands succeeded each other quicker than could be counted. I should think 
six or eight passed over the same spot in a second, and this rate was maintained till totality. 

Direction of motion of shadow bands.— Th/e bands flitted across the sheet almost precisely from 
N. E. to S. W. 


XXIX . — Fisihility of Stars and Plmets. 

Professor R. N. Apte, M.A., LL.B., undertook to observe the visibility of 
planets and stars. He was provided with a copy of the chart specially prepared 
for the purpose by the Survey of India. He observed Venus 4^ minutes and Mars 
b ^alf minute before totality and be could see Mercury for half a minute after 'tbe 
end of totality. Mr. V. K. Kanitkar, L.C.E., discerned Venus eight minutes before 
totality and kept it in view with the naked eye from that moment until 19 minutes 
47 seconds after totality. Venus and Mars were observed by several other persons 
both before and after totality. No stars, however, were observed. 


XXX. — Meteorological Ohsermtions. 

A thatched hut of a pattern similar to that adopted by the Indian Meteoro* 
logical Department was erected (see Plate XVI, fig. 1) and observations were 
commenced from January 14th, a week before the eclipse, and were continued till 
January SOth, a week after the event. 

The following instruments were installed for various observations : — 

A Richard eight-day thermograph. 

A Richard eight-day barograph, 

A Watkin’s aneroid barometer. 

A self -registering maximum thermometer. 

A self-registering minimum thermometer. 

A wet-hulb hygrometer. 

A black bulb radiation maximum thermometer. 

A radiation minimum thermometer. 

A very delicate standard thermometer. 

During the fortnight readings were taken every day at 10-20 a.m. and 4-20 p.m. 
Madras Mean Time, and also at 1-20 p.m., near the time when totality was to take 
place. Wind observations were also made regularly during the week preceding the 
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eclipse. TJnfortunately the records were lost at the end of the fortniglit l)y 
custodian ; some of the rough notes of observations were, however, preserved and th<5 
following results are gleaned from them. 

Temperature . — ^The most marked feature was the large daily range averaging 
35° to 40“ F., the greatest change taking place between 8 a.m. (7-30 a.m. local time) 
and noon. This is well shown on the thermograph for January 14 — 17 reproduced 
on Plate ISXVn. 


Table of Temperature Readings. 


Date, 

Time M. M. T. 

Keading. 

Remarks. 

January 14 

8-0 A.M. 

11 * 7 “ c . 

Minimum. 


1-20 P.M. 

29-4° C. 


j 

! 

4-0 P.M. 

30 8“ C. 

Maximum. 

January 15 

7-40 A.M. 

10-3° C. 

Minimum. 


1-20 P.M. 

28 3° C. 



4-0 r.M. 

30 0° 0. 

Maximum. 

January 16 

10-20 A.M. 

14-4° C. 

Minimum. 


1-20 p.M. 

30-0“ 0. 



4-20 p.M. 

31-9° C. 

Maximum. 

January 17 

10-20 A.M. 

117“ C. 

Minimum. 


1-20 P.M. 

30-0“ C. 



4-20 P.M. 

31-7“ 0. 

Maximum. 

January 18 

10-20 A.M. 

11 - 1 “ 0 . 

Minimum. 


1-20 P-M. 

30-0° C. 



4-20 p.M. 

32-2“ C. 

Maximum. 

January 19 

10-20 A.M. 

10 - 6 “ C . 

Minimum. 


1-20 P.M:. 

29-5° 0. 



4-20 P.M. 

31-1“ 0. 

Maximum. 

January 20 

10-20 A.M. 

d 

o 

do 

Minimum. 


1-20 P.M. 

28*7° C. 



4-20 p.M. 

31-5“ C. 

Maximum. 


I 

r 
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The day yariations of temperature are graphically shown in Plate XXYIII. 


Voriation of Temperature during the progress of the BcUpse. 


Date. 

Time. 

Ecadiiig. 1 

Date. 

Time, 

Reading’, 

January 22 

12-0 noon 

26-5° C. 

January 22 

1-10 P.M. 

25-0“ C. 


12-10 P.M. 

26-5° C. 


1-20 P.M. 

See next table. 


12-20 P.M. 

26-8“ C. 


1-30 P.M. 

24-5“ C. 


12-30 p.M. 

26-5° C. 


1-40 P.M. 

24-8“ C. 


12-40 p.M. 

26-0° 0. 


1-50 P.M. 

25-3“ 0. 


12.50 P.M, 

25-8° 0. 


2-0 P.M. 

25-5° 0. 


1-0 P.M. 

25-8'’ 0. 


2-10 P.M. 

26-0” C. 


These are shown graphically in Plate XXIX, fig. 1. 


Variations of Temperature durmg Totality. 


Time. 

Reading. 

Time. 

Roadiiig, 

At second contact ... 

25*0“ 0. 

7 0 seconds after 

24*7“ C. 

10 seconds after 

24*8“ 0. 

80 „ „ 

24-7“ C. 

20 „ „ 

24*8“ C. 

90 „ „ 

24-5“ C. 

30 „ „ 

24*8“ C. 

100 „ „ 

24*5“ C. 

40 „ ,, 

24-8“ C. 

110 „ „ 

24*5“ C. 

50 „ „ 

24*8“ 0. 

120 (third contact) ... 

24*5“ 0. 

60 „ „ 

- 

24-8“ C. 




On Plate XXIX, fig. 2, these temperature changes are graphically shown. 
It will bo noticed that the total fall during the progress of the eclipse was only 
2‘0° 0. and the minimum temperature was reached 90 seconds after the commence- 
ment of totality. 

The variation of temperature was also noted by Mr. R. B. Joyner, O.I.E., 
Superintending Engineer, Central Division, at Bdrsi, a station further south on the 
line of totality, and he found that the temperature fell from 80'5* to 77° P., i.e. 
3’5° F., which i^ very nearly equal to 2° 0. 
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The maximum radiation thermometer readings were from day to day as 
follows : — 


Date. 

Time. 

Eeading. ■ Date. 

i 

Time, 

Reading. 

January 17 

1-20 p.M. 

60* 1"^ G. January 20 

10-20 A.3U. 

52-9° 0. 


4-20 p.M. 

60-6° 0. 






1-20 p.m:. 

61-2° C. 

January 18 

10-20 A.M. 

60-6^" C. 




1-20 P.M. 

60-7“ C. 

4-20 P.K. 

61-1“ 0. 


4-20 P-M. 

61-4“ 0. 





January 21 



January 19 

10-20 A-M. 

54-2" C. 




1-20 P.M. 

69-8“ 0. 





January 22 

1-20 p.m;. 

58*0“ C. 


4-20 p.m:. 

60-4^ C. 




Wet-bulb Thermometer. 

During the progress of the eohpse, the wet-bulh thermometer varied as 
follows : — 


Time. 

Reading. 

Time. 

Beading. 

12-20 P.M. 

15-8° 0. 

1-20 P.M. ••• 

14-2“ 0. 

12-30 P.M. 

15-2“ 0. 

1-30 P.M. 

14-2“ 0 

12-40 P.M. 

lO-O^' 0. 

1 

1-40 P.M. 

14-4“ C. 

12-50 P.M. 

14-9° C. 

1-50 P.M. 

14*7“ C. 

1-0 P.M. 

14-5“ 0. ' 

2-0 P.M. 

14-8“ C. 

1-10 P.M. 

14-3° C. 

2-10 P.M. 

15-2“ C. 


This is shown graphically in Plate XXX. 

The barometer did not show any appreciable fluctuation during the eclipse. 
B 1398—17 * 
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Wind. 

The following record speaks for itself : — 


Date. 

Time. 

Direction. 

Remarks. 

January 16 ... 

4-20 p.M. 

w. 

Gentle. 

January 17 ... 

10-20 A.M. 

w. 

Moderate. 


1-20 p.M. 

s.w. 

Moderate. 


4-20 p.M. 

w. 

Moderate. 

January 18 ... 

10-20 A.M. 

N.W. 

High. 


1-20 P.M. 

w. 

High. 


4-20 p.M. 

s.w. 

Very gentle 

J anuary IQ ... 

10-20 A.M. 


Calm. 


1-20 p-M. 

w. 

High. 


4-20 P.M. 

w. 

Moderate. 

January 20 

10-20 A.M:. 

w. 

Moderate. 


1-20 p.M. 

s.w. 

High. 


j 4-20 P.M. 

s.w. 

High. 


During the progress of the eclipse the wind was : — 


Time. 

Direction. 

" 1 

Remarks. 

At 12-55 P.M. 

w. 

Very gentle. 

1-0 P.M. 

N.W.W. 

Very moderate. 

1-10 P.M. 

w. 

Very gentle. 

1-17 P.M. 

w. 

Moderate. 


but during totality there was a rapid change ; the breeze fell to a very gentle zephyr, 
the direction \arying between W.N.W. and W.S.W. 
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— Golo'ur of the Landscape and General Illumination^ 

During totality the light was particularly bright, very much more so than that 
of the full moou iu the most favourable weather- No lights were ueoessary for hc^lp 
in any operations, the seconds-hand on an ordinary watch being easily roa(L The 
colour of the landscape was of a pronounced neutral tint, very much similar to that 
seen through ordinary smoke coloured glare-glasses. 

XXXII.— Lffects on Llants and Animals. 

Messrs. P. T. Pavri and Bi. D. Naegamvala were specially told off to aiahc 
observations on animals. Several hundred yards north of the camp, tlio cattle in 
camp were driven over the fields and left there grazing hours before totality*. 

Mr. Pavrf s report is given below in extenso : — 

For about an ho\3r after first contact there was no visible “effect upon the animals graz in;/; 
quietly among the fields. 

Birds were heard singing merrily among the confused cawing of many crows iroady tot m\ 
attack upon the meat by the side of the butcher located in the vicinity. The deer was all life and 
activity, and disliking all checks but those of nature, broke the tether, and fled past tho kc 5 (^piu*s nimbly 
along the woods. But a piece of the tether left along its neck getting entangled within some bushes 
and trees it was recaught, and led again into the service of man. 

But now follows some change. Some goats and lambs feel a sense of uneasiness Btealing over 
them. The deer looks with wondering eyes, and the donkeys appear a little depressed. Here a few 
of the hens, searching for grain vigorously among the fields, begin to cry aloud as at evening' titm 
preparing f<r their nighPs rest. The ponies and a few of the cows feed intermittently, but the 
rest with the buffaloes and the oxen go on grazing, looking totally unooncerned. The Bang oi birtk 
falls off gradually^ and the kites and such other birds soaring high up during day time begin U> 
descend slowly. The dogs are moaning piteously ; the crows go to roost amongst a confuBion of cmw 
caws. The blue bright sky changes gradually to dull purple, and the planets Venus and Martt appi^ar 
in all their splendour, followed later on by Mercury, so rarely seen at other times. As the 
grows darker and darker and the sky more and more dusky, some of the goats sit down among gtWH, 
and the donkeys begin to march quick, rank and file^ towards the camp of the observoxB ; but t hoy 
arc given the order for halt, followed simultaneously by a charge of the wooden bajoiiefcg hy tho 
keepeis. 

Now out upon the darkness flashes Hhe glory of the incomparable corona,' and during a 
sente of hushed expectancy, the earth seems to have rested for a while. Some crows look a lifcit# 
terrified, and the hens gather together over one another near a heap of stones below a tree. I'he 
deer looks with resigned eyes and everything is as quiet and still as the dead of night, oxcjapt tlio 
sound made by the buffaloes and some of the cows which take no interest in the state of affairs going 
around them, but are deeply absorbed in the more important task of stuffing their bollios and of 
doing random havoc among the j owdri cultivation where they are allowed to ramble at will- 

'‘A few kites which could not get down before totality are seen descending slowly here and there. 
Preceding the emersion of the sun's body from the total eclipse, a sense of chillncBs orosaen tlm 
air, but soon after the sun light strikes the landscape, the earth seems to come to life again, ioin# 
J^irds, commonly known as ^ Kolsa,' (King-crow) come singing and perch on the very tree bdEore u». 
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Some of the kites, which had come only half-way down, knowing themselves mistaken, go again 
soaring upwards in the sky. The animals, shaking off their drowsiness, continue their daily routine 
of life, and nature seems to revive gradually.” 

Mr. R. Naegamyala reported that five or six minutes before totality he noticed 
crows cawing and dogs barking. During totality some kites were flying about. 
One hen began to cackle just before totahty, but stopped at once dxrriag totality. 
Doves commenced to coo before totality and stopped during totality. There was no 
visible effect upon the cattle. 

Mr. V. K. Eanitkar noticed crows cawing twenty minutes, dogs barking five 
minutes, and doves cooing three minutes before totality. 

Principal Beale reported crows cawing eight minutes before totality ; no birds 
were visible after this till the kites came out again after totality. Five minutes 
before totality dogs were barking as is their wont in villages in the evening. There 
was no harking before this or after the eclipse. 

Master P. Naegamvala states that he noticed after totality the birds chirping as 
they do in the morning. There were no small birds to he seen before totality, hut 
after totality they were seen flying about as usual. 

Effect on Plants. 

Professor Woodrow noticed the Leguminosce plants closing their leaves before 
totality. Mr. Eanitkar observed the leaves of the Tarvad (Qassia auriculata) 
closing forty minutes before totality, and Master P. Naegamvala of Orotolaria 
plants behaving in the same manner before totality. 
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APPENDIX. 


INSTEUOTIONS FOR OBSERVING THE TOTAL ECLIPSE OF THE SUN, 

JANEARY 22, 1898. 

1. In the Bombay Presidency the Eclipse will be total within the tract marked in the 
accompanying map by the dark shaded band. 

Along the central line of the tract the duration of totality will be longest, and it is recom- 
mended that observers should locate themselves as near the central line as possible. 

The following table gives the time and duration of totality at the stations mentioned. : — 


Stations. 

Bcginmng of Totality 
Mad. M. T. 

Duration of 
Totality, 

••• ••• 

Masur, Southern Mahratta Railway ... 

Between Jeur and Kem, Great Indian Peninsula Railway . 
Valur (Nizamis Territory) 

Dh^mangaouj Great Indian Peninsula Railway 

H. m. s. 

1 13 0 

1 17 0 

1 21 0 

1 25 0 

1 29 0 

H. m. B. 

0 2 2 
0 2 8 
0 2 4 

0 2 1 
0 1 67 


2. Bescription of a Total JEcUpae : — As the entire duration of an eclipse, partial phaww 
and all, embraces two or three hours, often for an hour after ‘first contact' insects still chirp in 
the grass, birds sing, and animals quietly continue their grazing. But a sense of xiiutaHtiuiBS 
seems gradually to steal ever all Hfe. Cows and horses feed intermittently, bird-songa <limimBh, 
grasshoppers fall quiet, and a suggestion of chill crosses the air. Darker and darker gfrown fcho 
landscape. So much as five minutes before the total obscurity it may be possible to tlotoot 
strange wavering lines of light and shade dancing across the landscape — the ‘ shadow bnndB/ as 
they are called, — a curious and beautiful effect not yet fully understood. 

“ Then with frightful velocity the actual shadow of the moon is often seen approaching, 
a tangible darkness advancing almost like a wall, swift as imagination, silent as dofnn. The 
immensity of nature never comes quite so near as then, and strong must be tho norvos not to 
quiver as this blue-black shadow rushes upon tho spectator with incredible spood. A vast, 
palpable presence seems overwhelming the world. The blue sky changes to gray or dull purplo, 
speedily becoming more dusky, and a death-like trance seizes upon everything oartlily. Bird* 
with terrified cries, fly bewildered for a moment and then silently seek their night quartfirs, Bata 
emerge stealthily. Sensitive flowers, the scarlet pimpernel, the African mimosa, close thoir 
delicate petals, and a sense of hushed expectancy deepens with the darkness. Sometimes tho shadow 
engulfs the observer smoothly, sometimes apparently with jerks ; but all the world might well b» 
dead and cold and turned to ashes. Often the very air seems to hold its breath for sympathy, at 
other times a lull suddenly awakens into a strange wind, blowing with unnatural oflfeot. 

“ Then out upon the darkness, gruesome but sublime, flashes the glory of tho incomparahlo 
, corona, a silvery, soft, unearthly light, with radiant streamers, stretching at times millions of 

B 1398 — 18 
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thtf. 


Ul 


.pa., .Me .be ..y. taieg f t.i'X 

„oo« ia ettier«a eplendoor. It becomes o«noa.)j cold, dew tu<iu....M., 

T)erliat3S ni6Etal as woll 8<s pliysical* oiiitluflifi fli# 

" Ts.ad»ly, icantaecos a. a ligUams fl.b, aa ™ ^ V'”*""' t ,,. 

tadscpo, JL eacth c«»o. *« “T ‘ T -U' 

ing brilliance, and occasionally the receding lunar shadow is ^ nn \ . 

tremendous speed of its approach. * * i » i ***«#« 

3. Amatear obsetsers can tender Telnable iclp by malting ob.etv,ttt„n, »lm-l. ...ay 

under one or more of the following heads :— 

(^a) Sketches of the outline of the corona. 

ietaik of the outer corona or a part of it. 

(c) Sketches of the inner corona. 

(d) Photographs of the corona. 

(e) Duration of totality. 

(/) Duration of the visibility of the corona. • i jl 

(y) Variation of temperature, humidity, barometric prc.ssur.n <iire<di«m of tint wind, A*. 

during the eclipse. 

(A) Shadow-hands. 

(*) Effect on plants^ animals^ &e. 


(fx) SMcAes of Ue cutline of the C^w^.—The corona may bo <lividoil nm^hly mU^ 
parts, viz., the brighter or inner ’’ corona and the fainter or '' outer roronii. To nki^irli lltt 
latter the observer must be provided with a disc having a diaTuotor about l/(>0|.h ifiHt 
distance of the observer from the disc. It is desirable to attach to the disc two lunipH of lAiiilwti 
concentric with the disc of respectively two and three times the diameter of the iline; tlm 
should be fixed to the disc by two cross pieces at right angles to one another* All tha p»rl# 
disc, hoops, &c., must be painted dead-black. As the average altitude ot tlie atm will Iw bit » ii w%tt to 
necessary to fix the disc at a height 1*^ times the distance of the observer irotu thodiai?^ 
along the ground, in order to hide the sun and the brighter parts of the corona* Du thi! nf li#f 
it is not desirable to be too near the disc-— a distance of 30 to 50 feet is to 1 h* ; it ^iU 

he, therefore, observed that the disc will have to be hoisted up to a height ranging fruiii Si} ft #1 Iti 
60 feet. Perhaps the best arrangement will be to attach the disc to a suilicbittly long wiiti 
of the cross-bars vertical, and to fix the pole on the roof of a building* Wherever twit «r 

three days before the day of the Eclipse, at the predicted time of totality the di^r 1 m* ud/* ' 

in azimuth and the exact spot where the observer should place himHclC so m to hide t.lio i*un mm% to 
ascertained. On the following day it will be found necessary to shift the previeuw | liifbf 

A couple of such observations will indicate the average daily shift in position, and the emrt 
the observer for the day of the Eclipse may thus be carefully fixed upon* Thu <ih«i*rvrr 
provide himself with a sheet of stifi drawing paper 12" x 12", with a dingmm m dumtt iii l*| 

The inner black disc intended to represent the eclipsed sun is 2 inches in diameter and iho om rr idpik-*# 
axe 4 inches and 6 inches, respectively. Any other scale is admissible, but it ia highly dmimhh to 
stick to one uniform size. 


The observer must also provide himself with a bull’s-eye or other lantern, arraiig®.! to llirciw tli# 
light on the drawing paper only, in case it is found necessary, and have it r«dy lighitHi. 1I<* iiiiwl 
get his eyes bandaged ten or fifteen minutes before the predicted time of totality, and on t<)taJitf 


* Todd's “ Total Eclipses of ulie tStin.” 


{§ ‘Not roprodumL) 
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being announced, and not before, the bandage must be removed. He must then draw the outer 
enotreme limits of the corona with dehberation and care. Should time permit, he should go over the 
drawing again and correct it wherever necessary. In no case should any attempt be made to retouch 
or tamper with the drawing in any manner after the totality is over. Plate II shows one such 
sketch actually drawn. Wherever the corona fades away so gradually as to make it impossible to say 
where it actually terminates, the boundary must be indicated by a serrated outline as on the right 
hand side in Plate II. (Not reproduced.) 

(5) S/cetc/ies of the, details of the Outer Corona. — These should be made with the help of the disc 
and in the manner above mentioned] but it will be well to have a party of four observers, and for 
each observer to restrict himself to one quadrant only, trying faithfully to delineate the streamers and 
filaments. Plate III gives a fair idea of the nature of the drawings expected. It will prove of still 
greater value if an observer will restrict himself to one single streamer and delineate it with the utmost 
care. In this latter case an opera glass conveniently strapped to a stand or pole near at hand may 
prove useful in revealing faint and delicate details. 

(c) Sketches of the Inner Corona. — The observer must not look at the sun till the eclipse is total ; 
then without the intervention of the disc mentioned in paras, {a) and (5) he must rapidly sketch the 
rose-coloured prominences round the dark disc of the sun and also draw the forms and directions of the 
streamers and filaments roughly up to the first inner circle on the drawing-sheet, extending every 
way to half the diameter of the dark moon. If the light be too dazzling to the eye, it will be well 
to interpose a piece of glass of neutral tint or one slightly smoked. 

(d) Photographs of the Corona. — It is presumed that the cameras available will not be provided 
with any arrangement to follow the sun. 

The best form of the camera is one made out of boards in the form of a box of the requisite 
length, the next is the old form of the rigid body camera, and the one the least to be recommended is 
the ordinary bellows-body camera. 

The diameter of the lens should not be less than one inch, the diaphragm slit should be covered 
up and no diaphragm should be employed. It is desirable to use as long a focus as possible in order to 
obtain a large enough image. It is, therefore, advisable in every case (unless the lens is a single 
tele-photo type) to use only one component of the combination. In the 
case of '' portrait lenses better results will be produced by unscrewing the black lens and replacing 
it by the front lens ; with the rapid rectilinear type, it will be best to remove the front lens, and if 
^the combination be of the wide-angle^' pattern, then the back lens may be removed and the front 
lens left in situ^ convex surface to the sun. 

The camera must be previously very carefully focussed on the moon or stars. Failing this a very 
distant object, say one mile oflE, may be exactly focussed and the distance measured between the centre 
of the back of the lens and the inner side of the ground glass, and then the distance lessened by the 
amount determined by the formula : — 



Thus, for instance, if ^ is 1 mile and /is equal to 20 inches, the correction is 1/1 58th of an inch 
and the distance between the lens and the ground glass must be shortened by that amount. It will 
be, therefore, observed that with lenses of ordinary focal lengths, focussing on very distant objects 
three or four miles away, as for instance on distant clouds, will bring the lens practically in focus for 
the sun. 
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The camera must be elevated to the proper altitude, which is for ItAjiipur 51 . Mimir 
Jeur 50°, and Nagpur 46°. 

The camera must next be pointed to the sun at the calculatwl time nf t- tality ilurinjr th** 
ceding two or three days and the daily shift of the imago ohservi'd ami iillowcti for as i»» (n), It* i»«t 
attempt to change the elevation of the camera unless you can do it coiivwiMititly ; a Mhifliiig iu a/.iiuiit li 
will be enough. If a small telescope is available, it may ho stnipptHl to the i*jnm’ra and iiw*-*! an a 
“view-finder" and the latter put into the right position almost within a miimtc or (wo *if totality. 
Two riflesights even may be used advantageously for the pnriwso. 

The fastest plates available should be used and the exposuros shtmlil not itxciscti t wo If 

the observer is prepared to make six exposures, two of them must ho iiot!iiitaiii'..ii , » v\«. of IiaJf .-i»4 
each, and one each of one and two seconds' durations, rosjxKstivoly. 

Before making each exposure, the greatest care must bo taken to ensure nhwihitc free. h.in from 
vibration or tremor in the camera,- a single photograph well taken willk* uortlt more tlmn » «lo»« 
pictures carelessly secured. 


In order to bring out the feiinter details and extensions of the (Mtronii without ohhtmnting !h« 
higher lights, the developer must be freely diluted with water and pyro i*mjil«ye«| in much *»iii»ilWr 
quantity than usual. Use the developer as cold as possible, and the devolopmont may la* coni iina^l ••vtoa 

for an hour, keeping the plate under cover and rocking it coni imiousU. .1 ■*■; lu-:- wimn rW 

rebates of the dark slide begin to appear on the plate. If the image he thin, a little pyro j«ay liu'ii 
be added to the developer and density socured, but great (*aro must he taken not fo‘..hlit.-ra»e the 
fainter outer details by over-developing^ at this stage. Tlie negative must not he vurui^lieti. A 
copy or print must be secured and the original negative sent carefully piekwl. 

{«) Duration of this purpose it will ho dosirahlo to Imvo t wo o!,s..rverH if 

An opera glass or small telescope about ono inch aperture ami strips of grism glasee*. of varyinft 
will he reqmred. The sun must be carefully scrutinised through the ojHim gla^s ..r 
grows to be a very narrow crescent, using the green glasses to reduce the glare j / tU .rmo.e.f |h„ 
last ray of the sun disappears (if possible before the rose-cohninsl pmminemv*, ...,me to view) tlw* 
observer must call out “ Inme!' This must bo recorded by the oth.*r observer to the near.-.! 

must be previously paying attention to the face ..r the wat,(^ The time ..h.-rv.-l sho»14 

bei^eiately noted down and the first observer must he again ready to.l.d«-.«t the lir j itpjranMe-e of 

igh on the opposite side of the sun. “ y.W " must bo instantly called and r«-or.h 4 a'leUie. A 

hghted lamp will be necessary in all probability to road the hands of t he wat.-h. Wii ha' 


(/j rmi.% o/ae^...-Thetimoof beghmingof totality must he noted a. hehee >,.4 
.b.eia„« le eye, tom fc „t tl„ , j " 

Thi, nu.y bo b», i„ „i,|, ,,, ,,, , 

wb« Wve kis ejc. caMfally g,...,doa W th. btiKhter wi,l, ll ■ r 

taMamth.h.'ri..awh..h.ddp.y hi, ti„, 

totality, to the north-east quadrant. " ^ 

(g") Meteorological Observations - 

most important meteorological obwrvatmn t.. heimelr anriisif 

« edtp*. A ^..dipg .t i...t to « a.,.™.. .,.„,„d w 
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bar away from any building or trees and kept just shaded from the sun. During the 
progress of the eclipse note the temperature every five minutes. As totality approaches 
the readings must be taken every minute and special readings should be taken at 
the commencement and end of totality. The readings then must be continued to be 
taken every minute for the next quarter of au hour^ after which time the interval 
should he again increased to five minutes. Care should be taken not to be too 
near the thermometer while taking the readings. Some previous experience in 
reading the thermometer from a distance in the dark with the help of a lantern will 
prove of much value. The lighr of the lantern must on no account fall on the 
l%lh of the thermometer. 

(B) With a barometer observe if there is any sudden fluctuation of pressure at the moment 
of totality. 

(0) Note any alteration, in the direction of the wind at the instant of totality. 

(D) If provided with a hygrometer, observations may be taken of humidity during the 
progress of the eclipse. 

(h) SAadow^bands . — Thin parallel lines of shadowy waves flit silently over the landscape just 
immediately before and after totality. Perhaps at one time eight inches broad and two or three 
feeUapart, at another only one or two inches broad and ten or twelve inches apart, they travel at 
one time about as fast as a man can run^ and at another time with the velocity of an express train. 
These occur a little before and after totality. They may be best observed on a very large sheet of 
white cloth stretched on the ground. In each case observe the direction, breadth and distance of 
these bands and try to count the number of them passing across any one point on the ground in 
say, ten seconds; the direction must be noted by compass. 

(i) Effect on Plants^ AiiimalS) Notice any effect produced on animals and plants during 
the progress of the eclipse such as stated in paragraph 2. 

General — In sending records, great care should be observed in exactly stating the place and 
time of observations, and full details should be furnished of instruments or the means employed in 
making the observations. Any further information may be obtained on addressing the undersigned 
at Camp Jeur.^^ 


Maharaja TahUasingji Observatory ; 
Poona, December 1897. 


I 


K. D. NAEGAMVALA. 
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Plate 1. 


Map of the District in which the Eclipse Parties were located 

Scale of ExiglishMiles 
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PLATE III 



Photograph of Camp. 




PLATE VI 
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G Prismatic Camera 





CA Cn 

lO M O ^ 


4 ^ 4 “ 
00 V4 


4 - 4 . 
On Oa 


4 - oo to 


4* oo O'^ C-O oo 
O sO 00 ‘^'T On 


OO oo 
CA 4 


OO t>J 
OO K) 


5 ? 

o * 
PL y 

2 . 


1 -t 


^ ^ ^ ^ 

^ ^ ^ 

^ ^ w 

^ > w td O p 


S ^ S S 

h-J H-t t-t 


l-t i-{ 


i-=i 4 4 
*-{ i-i *-5 


o 

o 

< 

5 ' 

Cl^ 


<^ P S 

i ^3 S' 

te ^ O 

• p • 

> • 


>p"r-'p<ipappi3j[i; 

^ y Q < — I 


p O 
CT) oo 4 

^ p> p 

< aq 

P 


^ td ^ O 

N £i 

OI • 


Ct) 

C/D 


O 

ri* 

pr 


c 

p 


P w 

CT pj 

2 S" 

P 


tri 

p 

Hi 

<J 

o 


o 

(71 

Izr* 


P 


> 

bd 


d 

p 

<1 

2 

|r 

w 

(ji 

o 


P W 

p > 

PJ 

r-h P 

P pu 

Hi pn 

pj pj 

* 

2 

d 

> 


p; 

H W 

w w 

<1 < 
p p 

£ S- 

w 

m 

o 




(f) 

o 


Key to the photogrcqjh of the ohservwg party. 




PLATE VI 



The. Observing P:irty. 



PLATE VII 



Six-inch prismatic camera. 



PLATE IX 



(The bright arcs are shown dark on the plate). 


Fig. 3. Spectrum taken fifteen seconds after totality. 
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PLATE XII. 



Prominences photographed in H and K radiations by the prismatic camera, 

(Campare with Plate XIII.) 


PLATE XIII 



Direct photograph of the Eclipse showing prominences. (Copeland.) 






< Irufii cif tin* c iirtHia with tin* t%\t» pii^in t pii^iiialu 







Co ROM Spectrum AS observed iv/m the sunEssAMLysm SpscrRoscop 



Ufho: (So!^/: P/iofozMco. om'ce. Poonam?. 












Plate XXI 


CURVE OF MONTHLY RELATIVE SUN-SPOT FREQUENCY FROM 1859 TO 1900 WITH DATES OF TOTAL SOLAR ECLIPSES 



Drawn and Litho Gov't PKotozinco Office- Poona, 1 9 02 



HfcU:- UNSMOOTHED CURVE OF MEAN ANNUAL SUN ~ 5 P 0 T FRE^UENCy. 

BLACK;- partially smoothed curve of the same. 



CURVE OF MEAN ANNUAL SUN-SPOT FREQUENCV 1859-1900. 





Solar Eclipses arranged in descending order 



Plate XXIII 




Total Solar Eclipses since i860 arranged in 




JKETCH OF THE CORONA, 

l/r H. G. Kadne from N. to S. £, arc OJ 
/?. VadotY from S.E.fo W, arc of 13. 
by Mr H.F. Be a/e from W.toN, arc of 30,° 




/ Red Mass. 

2 Red Flame. 

3 Rim ofLi^ht. 

SKETCH OF THE CORONA MADE BY THE REV. A. ABBOTT 
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PLATE XXVII 
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